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Abstract  

The Folding S t r a ins  Analysis Program (a lso  c a l l e d  BLADER, TRW 

Computer program AS189) performs a step-by-step l a r g e  s t r a i n ,  elas- 

t o p l a s t i c  s t a t i c  ana lys i s  of a two dimensional continuum. The program 

allows t h e  user  t o  perform a plane s t r a i n  ana lys i s  using a rectangular  

coordinate system o r  t o  perform an axisymmetric s t r a i n  ana lys i s  using 

a c y l i n d r i c a l  coordinate system. 

cons is t  of one o r  more homogeneous, i s o t r o p i c  materials whose p l a s t i c  

and elastic p rope r t i e s  are temperature and s t r a i n  rate independent. 

The s t r u c t u r e  may be loaded e i t h e r  by spec i fy ing  c e r t a i n  nodes t o  be 

subjected t o  imposed displacements o r  by spec i fy ing  c e r t a i n  s i d e s  of 

some of t h e  f i n i t e  elements t o  be subjected t o  pressure  loadings.  

Boundary condi t ions which cons t ra in  s p e c i f i e d  nodes from movement i n  one 

or  both coordinate  d i r ec t ions  must be imposed by t h e  user.  

The s t r u c t u r e  t o  be s tudied  may 

One of t h e  major f ea tu res  of t h e  program provides f o r  t h e  ana lys i s  

of fo ld ing  bladder  problems by t h e  s p e c i f i c a t i o n  of a minimum amount 

of input .  

The program employs a dynamic s to rage  f e a t u r e  which allows t h e  

program t o  e f f i c i e n t l y  use the  a v a i l a b l e  computer memory space. Thus 

s m a l l  problems r equ i r e  only a r e l a t i v e l y  s m a l l  amount of memory while  

t he  a b i l i t y  of t he  program t o  handle l a r g e  problems without programming 

modif icat ions is  l imi ted  only by t h e  maximum amount o f  memory ava i l ab le .  

The program i s  w r i t t e n  i n  For t ran  I V  and w a s  developed and checked 

ou t  on t h e  CDC 6500 computing system 

e f f o r t  t h e  program should be capable of being compiled and executed 

on o the r  computing systems, 

a t  TRW. With a minimal conversion 
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1.0 PROBLEM DESCRIPTION 

The BLADER Program (TRW Program AS189) performs a step-by-step 

l a r g e  s t r a i n ,  e l a s t o p l a s t i c  s t a t i c  ana lys i s  of a two-dimensional 

continuum. The user  may perform a p lane  s t r a i n  ana lys i s  using a 

rectangular  coordinate system o r  perform an axisymmetric s t r a i n  a n a l y s i s  

using a c y l i n d r i c a l  coordinate system. I n  e i t h e r  Coordinate system 

t h e  b a s i c  f i n i t e  element used i s  a t r i a n g l e  with s i x  nodal p o i n t s ,  one 

a t  each corner and one on t h e  midpoint of each s i d e  ( f i g .  1.1).  A 

quadra t i c  v a r i a t i o n  of displacement is  assumed f o r  each element, and is  

expressed i n  t e r m s  of two components of displacement a t  each node, 

giving a t o t a l  of twelve degrees of freedom per  element o r  2N degrees 

of freedom f o r  t h e  system, where N = number of nodes. 

Figure 1.1 Basic F i n i t e  Element 

The s t r u c t u r e  c o n s i s t s  of one o r  more homogeneous, i s o t r o p i c  

materials whose p l a s t i c  and e l a s t i c  p r o p e r t i e s  ( i .e . ,  elastic modulus, 

Poisson's r a t i o ,  p l a s t i c / e l a s t i c  modulus r a t i o ,  and i n i t i a l  y i e l d  

po in t )  are temperature and s t r a i n  ra te  independent. 

The s t r u c t u r e  may be loaded by t h r e e  d i f f e r e n t  methods. However, 

only one method of loading may be appl ied i n  a s i n g l e  run. 

method allows t h e  user t o  r equ i r e  t h a t  s p e c i f i e d  s i d e s  of s p e c i f i e d  

elements are t o  be loaded. Each s i d e  S .  loaded may be loaded wi th  a 

t o t a l  load P. which is  appl ied i n  N equal load s t e p s ,  o r  t h e  loading 

may be s p e c i f i e d  as a tabulated func t ion  of t h e  load s t e p .  

The f i r s t  

1 

1 

I f  t h e  
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l a t te r  procedure is  used, then a l l  s i d e s  loaded must be loaded according 

t o  t h e  same schedule. 

a p o s i t i v e  load (compression) and o the r  s i d e s  may b e  loaded with a 

negative load ( tens ion) .  

In e i t h e r  case some s i d e s  may be loaded wi th  

The second method of loading allows t h e  user  t o  spec i fy  any 

number of imposed displacement cons t r a in t s .  

each designated node is  moved by a s p e c i f i e d  amount i n  a s p e c i f i e d  

d i r e c t i o n  and he ld  i n  t h i s  p o s i t i o n  during t h e  ana1ysi.s. 

I n  t h i s  method of loading,  

The t h i r d  method of loading a p p l i e s  only t o  axisymmetric problems 

and allows t h e  use r  t o  load t h e  s t r u c t u r e  by shr inking t h e  secondary 

radius  of curvature.  

The user  must spec i fy  boundary conditioos which r e s t r a i n  s p e c i f i e d  

nodes from motion i n  one o r  both coordinate d i r e c t i o n s .  I n  a d d i t i o n  

the  user  may impose maximum displacement boundary condi t ions which 

r e s t r a i n  s p e c i f i e d  nodes from exceeding c e r t a i n  maximum displacements 

i n  spec i f i ed  d i r e c t i o n s .  

The primary app l i ca t ion  o f  t h e  program i s  t o  be i n  t h e  analysis 
of fo ld ing  bladders which are used i n  rocket  propulsion systems. 

Accordingly one of t h e  major opt ions of t h e  program c a l l e d  t h e  Bladder 

Analysis Option allows t h e  a n a l y s i s  of t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  

i n  s i n g l e  f o l d s  o r  double f o l d s  of bladders .  The spec ia l i zed  n a t u r e  

of such analyses makes i t  poss ib l e  t o  spec i fy  t h e  problem completely 

by a minimum of inpu t  q u a n t i t i e s .  

spec i fy  only t h e  most b a s i c  problem parameters such as t h e  number of 

element l a y e r s ,  t h e  dimensions and material p rope r t i e s  of each l a y e r ,  

and t h e  b a s i c  loading parameters such as t h e  i n i t i a l  and f i n a l  r a d i i  

of curvature.  

Thus the  user  i s  required t o  

Another op t ion  a v a i l a b l e  as p a r t  of t h e  Bladder Analysis Option 

provides f o r  t h e  ca l cu la t ion  of t h e  f a t i g u e  l i f e  of each l a y e r  of 

elements using inpu t  t a b l e s  of f a t i g u e  l i f e  versus  p l a s t i c  s t r a i n  f o r  

t he  materials which make up t h e  s t r u c t u r e .  
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Any cons i s t en t  set of u n i t s  may b e  used by t h e  program. That 

i s ,  a l l  measures of length should be i n  t h e  same u n i t s ,  a l l  measures of 

f o r c e  should be i n  t h e  s a m e  u n i t s ,  e tc .  

A more d e t a i l e d  discussion of t h e  engineering aspects  of t h e  

problem i s  presented i n  a companion document w r i t t e n  by L.  D. Hofmeister. 
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2.0 INPUT 

2.1 

2.2 

2.3 

2.4 

2.5 

Introduct ion 

2.1.1 Keypunch Conventions 

2.1.2 Name Cards 

2.1.3 Header Card 

2.1.4 Numeric Data En t r i e s  

2 e 1.5  End-of -Data 

2.1.6 Stacking Cases 

Summary L i s t  of Input Quant i t ies  

2.2.1 General Input Data 

2.2.2 Array Data 

Def in i t ion  of Input Symbols 

2.3.1 General Input Data 

2.3.2 Array Data 

Input Forms 

Restart Procedure 

2.5.1 Introduct ion 

2.5.2 I n i t i a l  Run 

2.5.3 Restart Run 

2.5.4 Modifying Data on a Restart Run 

2.1 Introduct ion 

A l l  da t a  i npu t  t o  t h e  BLADER program i s  spec i f i ed  on punched 

cards  which are read using t h e  N a m e l i s t  f e a t u r e  of Fortran I V .  Because 

of t h e  dynamic s to rage  f e a t u r e  used i n  BLADER, t h e  input da t a  i s  divided 

i n t o  two major ca t egor i e s .  The f i r s t  category of input da t a  is  t h e  

General Input Data, which c o n s i s t s  of an input  header,  a convergence 

c r i t e r i o n ,  opt ion f l a g s ,  and parameters def ining t h e  problem dimensions. 

The second category of input  is t h e  Array Data, which cons i s t s  of a l l  

input  a r r a y s  o the r  than t h e  input  header. The sepa ra t ion  of t he  da t a  

i n t o  these  two ca t egor i e s  i s  a physical  as w e l l  as a l o g i c a l  separat ion.  
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That is, t h e  Namelist cards  which.specify t h e  General Input Data f o r  

a s i n g l e  case are r.ead i n  f i r s t ,  being i n i t i a t e d  by the  "Name card" 

$AS189 

and being terminated by a d o l l a r  s i g n  ($). 

cards,  and s e c t i o n  2.1.5, "End-of-Data"). After  t h e  program determines 

t h e  dimensions of t h e  problem and reques ts  t h e  necessary memory f o r  

t h e  a r r ays  t o  be used, t h e  Array Data is  read i n ,  being i n i t i a t e d  by 

the  "Name card" 

(See s e c t i o n  2.1.2, "Name 

$DATA 

and being terminated by another d o l l a r  s ign .  

The da ta  cards  should be  punched on a s tandard keypunch machine 

using t h e  026 charac te r  set. 
column 1 of t h e  Name card (defined below), no charac te rs  should be 

punched i n  any columns o ther  than columns 2-72 of a Namelist d a t a  card.  

With t h e  exception of a poss ib l e  P i n  

2 .1 .1  Keypunching Conventions 

Due t o  t h e  similar shapes of many letters, numbers, and symbols 

In  order  t o  i t  is poss ib l e  t o  confuse one charac te r  f o r  another.  

assist t h e  keypuncher i n  discerning between t h e  many similar cha rac t e r s ,  

t he  following coding conventions should be observed: 

i nd ica t e s  n blank columns 

a lphabe t i c  as d is t inguished  from 0 

a lphabe t i c  as d is t inguished  from I 

a lphabet ic  as d is t inguished  from 

a lphabe t i c  as d is t inguished  from 4 

a lphabe t i c  as d is t inguished  from 5 
a lphabet ic  as d is t inguished  from 6 
numeric as d is t inguished  from Cp 
a lphabe t i c  as d is t inguished  from !/ 

a lphabet ic  as d is t inguished  from' ( 
a lphabet ic  as d is t inguished  from -/- 

(zero) numeric 

(one) numeric 

(two ) numeric 

( four)  numeric 

( f ive )  numeric 

( s ix )  numeric 

(nine) numeric 

a lphabe t i c  

( l e f t  paren thes is )  

(Plus 1 

b 
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2,1.2 Name Car- 

The f i r s t  card of t h e  General Input Data must have $AS189 punched 

i n  columns 2-7. 

punched i n  columns 2-6. 

system a t  TRW, a P may be  punched i n  column 1 of each Name card i f  i t  

is des i red  t o  l i s t  the  card images of t h e  N a m e l i s t  i npu t ,  I n  order  

t o  maintain compatibi l i ty  with o the r  computing systems, t h e  rest of 

t h e  card should be blank, 

The f i r s t  card of t h e  Array Data must have $DATA 

When executing on t h e  CDC 6500 computing 

2.1.3 Head Card 

The user  may spec i fy  alphanumeric information f o r  l abe l ing  a 

given case by en ter ing  a card of t h e  form 

HEADER = nHbcd... 

where n ( I 6 0 )  i s  t h e  number of charac te rs  i n  t h e  header and where 

bcd... i s  a s t r i n g  of n charac te rs  (including blanks) .  The terminating 

comma i s  required and must not  be included i n  t h e  charac te r  count. 

Example 

HEADER = 2 1 H  THIS I S  AN EXAMPLE. 

2.1.4 Numeric Data Ent r ies  

Data cards  o ther  than header cards  c o n s i s t  of one o r  more e n t r i e s  

of t he  form 

where a is  t h e  name of a real 

v a r i a b l e  and may have one, two, th ree ,  o r  no p o s i t i v e  in t ege r  subsc r ip t s  

and where bl, b2? b3’ 

commas and are t o  be s to red  i n  n successive loca t ions  beginning with 

the  loca t ion  corresponding to  t h e  symbol a. 

of t he  l as t  da t a  card,  a comma should always immediately follow t h e  

last  value on a card. 

@MEGA 

( i . esg  f l o a t i n g  po in t )  o r  i n t ege r  

, bn are decimal cons tan ts  separated by 

With t h e  poss ib l e  exception 

For example, a card punched i n  t h e  format 

1.3,MAS = 8000,I == 2,2(5) = -1.8,3,6.15E-6,B = 1,2 ,3 ,  
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would i n d i c a t e  t h e  following: 

1) The value 1 .3  is  t o  be entered f o r  @MEGA, 

2) The value 8000 is t o  be entered f o r  MASS, 

3) The value 2 is  t o  be entered f o r  I ,  

4 )  The values  -1.8, 3 ,  and 6.15 x are t o  be entered f o r  

Z(5), Z(6) and Z(7 )  respec t ive ly ,  

5) The values  1, 2, and 3 are t o  be entered f o r  B( l ) ,  B(2), 

B(3) respec t ive ly  + 

It should be remarked t h a t  t h e  user  does not  have t o  be concerned 

with the  mode ( i s e e ,  i n t ege r  of f l o a t i n g  po in t )  of decimal input  q u a n t i t i e s .  

The program w i l l  i n t e r p r e t  the  proper mode f o r  a l l  decimal input quan t i t i e s .  

I f  no decimal po in t  is  input  f o r  f l o a t i n g  poin t  q u a n t i t i e s ,  t he  program 

w i l l  assume a decimal po in t  immediately following t h e  rightmost d i g i t  

(e.g. ,  10.0,  l o . ,  and 10 are a l l  equivalent  f o r  f l o a t i n g  poin t  quan t i t i e s .  

I f  decimal s ca l ing  is  des i red  f o r  f l o a t i n g  po in t  q u a n t i t i e s ,  then the  

nota t ion  aEb may be used (where a is a decimal quant i ty  w i t h  or  without 

a decimal po in t  and b i s  t h e  desired sca l ing  f a c t o r ) .  Thus t o  en te r  

3.123 x lo-' one could w r i t e  3.1233-6 o r  31233-9. 

I f  a decimal poin t  appears i n  t h e  va lue  entered f o r  a quant i ty  

which is  typed as an in t ege r  by the  program, t h e  program w i l l  t runca te  

r a the r  than round off  t h e  value t o  an in t ege r .  Thus the  values  10,  

l o . ,  10.0, 10.4, and 10.9999 w i l l  a l l  b e  s to red  as t h e  value 10 i f  t he  

mode of t h e  va r i ab le  i s  in t ege r .  

An add i t iona l  f e a t u r e  of N a m e l i s t  al lows the  user t o  spec i fy  a 

r e p e t i t i o n  f a c t o r  t o  i n d i c a t e  t h e  same value  t o  be s tored  Fn several 

consecutive loca t ions ,  Thus t h e  nota t ion  n*v ind ica t e s  n consecutive 

values of v, 

2 ,1 ,5  End-of-Data 

Each category of input  da ta  ( i n e e 9  t h e  General Input Data and 

the  Array Data) must be terminated by a S immediately following the  

l a s t  i t e m  OR the  last  card containing da ta  entr ies  fo r  t h a t  category 

2 -4 



or by a $ i n  column 2 of a card immediately following the  l as t  card 

containing da ta  e n t r i e s .  Any charac te rs  punched t o  the  r i g h t  of t h e  

$ are ignored. 

be used f o r  comments. 

Hence t h e  remainder of t h e  end-of-data card may 

2.1.6 Stacking Cases 

The user  may "stack cases" ( t e e e 9  request  t h e  program t o  execute 

more than one case)  by placing t h e  input  decks f o r  t h e  second and 

subsequent cases i n  order  behind t h e  input  deck f o r  t h e  f i r s t  case.  

Because of t he  dynamic s torage  f e a t u r e  used i n  the  BLADER program, the  

input  da t a  f o r  each case must be complete. 

da ta  from one case t o  t h e  next .  Also because c e r t a i n  c o e f f i c i e n t s  

are b u i l t  i n t o  t h e  program by means of DATA s ta tements ,  t h e  user  i s  

not permitted t o  s t a c k  a plane s t r a i n  ana lys i s  problem behind a 

axisymmetric s t r a i n  ana lys i s  problem. 

There i s  no carryover of 

Example 

$AS189 Name card f o r  General Input Data. 

I 

I 

Cards specifying General Input Data 

f o r  case  1. 

I 

SEND End-of-data card 

$DATA N a m e  card f o r  Array Data 

- I  

Cards specifying Array Data 

f o r  case 1 

i 

SEND End-of-data card 

$AS189 

General Input Data f o r  

case 2. 
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Array Data f o r  

case 2. 

2.2 Summary L i s t i n g  of Input Quan t i t i e s  

This s e c t i o n  c o n s i s t s  of a l i s t i n g  of t h e  symbolic names of a l l  

poss ib l e  input  q u a n t i t i e s  f o r  t h e  BLADER program. For t h e  convenience 

of t h e  p o t e n t i a l  u s e r ,  t h e  q u a n t i t i e s  are divided i n t o  subsets  according 

t o  t h e  na tu re  of t h e i r  usage. F i r s t  of a l l ,  t h e  q u a n t i t i e s  are separated 

i n t o  t h e  two major ca t egor i e s  mentioned i n  t h e  in t roduc t ion  ( sec t ion  2 - 1 ) :  

(1) General Input Data, and (2) Array Data. A s  mentioned i n  t h e  

in t roduc t ion  t h i s  is  a phys ica l  as w e l l  as a l o g i c a l  separat ion.  

of t h e  two major ca t egor i e s  may b e  subdivided i n t o  several subse t s  

according t o  l o g i c a l  usuage. However, t h i s  second level of subdivis ion 

is s t r i c t l y  a l o g i c a l  s epa ra t ion ,  No phys ica l  s epa ra t ion  is  required 

except t h a t  c e r t a i n  combinations of i npu t  q u a n t i t i e s  w i l l  never appear 

together  because some q u a n t i t i e s  are defined f o r  one p a r t i c u l a r  opt ion 

whereas o t h e r  q u a n t i t i e s  are no t  def ined,  o r  a t  least  are n o t  inpu 

f o r  t h a t  opt ion.  For example t h e  a r r a y  NP must be input  f o r  t h e  

standard s t r a i n  ana lys i s  opt ion,  b u t  w i l l  be  ca l cu la t ed  f o r  t h e  Bladder 

Analysis option. On t h e  o t h e r  hand t h e  a r r ay  DEPTH must be input  f o r  

t he  Bladder Analysis opt ion,  bu t  i s n ' t  even defined f o r  t h e  standard 

s t r a i n  a n a l y s i s  option. 

Each 

For convenience t h e  nominal va lues  of op t iona l  q u a n t i t i e s  are 

indicated by values  o r  expressions enclosed by brackets  e , g  [O 
Also t h e  dimensions of a r r ays  are indicated by values  o r  expressions 

enclosed by parentheses,  e.g. ,  (NUMEL). 
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2.2.1 General Input Data 

A. Quant i t ies  which are always required.  (At  present  t h e r e  

are no q u a n t i t i e s  i n  t h i s  p a r t i c u l a r  category.)  

B. Quant i t ies  which are o p t i o n a l  r ega rd le s s  of t h e  value of 

BLANAL 

HEADER 

RECCYL 

NUMAT 

NNDLIM 

MAXST 

ITER 

C8NVER 

IPRIN 

IRES I 

MAXBW 

MAXBKT 

RESTRT 

SAVETP 

IRSIN 

IRS~UT 

[blanks] 

L-01 
L-11 
Eo1 
L-253 

L-11 
L-01 
L-501 
[25000] 

co1 

[l f o r  double f o l d  opt ion;  10 otherwise] 

c0.l  f o r  double f o l d  opt ion;  otherwise] 

r01 

[1 on CDC 65001 

[3 on CDC 65001 

C. Quant i t ies  which are required only f o r  t h e  Bladder Analysis 

opt ion,  

BLANAL 

NLAYER 

RFINAL 

D. Quant i t ies  which are o p t i o n a l  only f o r  t h e  Bladder Analysis 

option. 

LWRAT ( s ing le  f o l d  opt ion only) 

MINT [LWRAT*NLAYER] ( s i n g l e  f o l d  opt ion only)  
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XLNGTH 

XSTART 

YSTART 
NANGIN 
RPTRAT 

RSTRAT 

RPFgLD 

RSFOLD 

FLIFE 

NCYCF 

NLAYER 
[ LWRAT*BLTHNS where BLTHNS 

i=L 
( s ing le  f o l d  opt ion  only) 

[O] ( s ing le  f o l d  opt ion only) 

[O] ( s ing le  f o l d  opt ion only) 

[l8] (double f o l d  opt ion only)  

10  f o r  double fo ld  opt ion 

[loo] double f o l d  opt ion  only 
1 f o r  s i n g l e  fo ld  opt ion,  

[RPTRAT*BLTHNS J 
[RSTRAT*BLTHNS ] (double f o l d  opt ion only) 

Eo1 
lo1 

E. Quanti t ies  which are required only f o r  t h e  standard s t r a i n  

ana lys i s  opt ion.  

NUMEL 

NUMNP 

NUMCP 

NUMBC 

One quant i ty  must be non-zero; t he  o ther  must 
NID be zero. 

F. Quanti t ies  which are opt iona l  f o r  t he  standard s t r a i n  ana lys i s  

opt ion a 

NPD 03 
PRESS ignored i f  NPD#O. 

2.2.2 Arrav Data 

A. Arrays which are always required 

VEM ( W T  1 
VXI 1 
VXU ( W T  1 
VYP ( W T )  



B. Arrays which are opt ional  r ega rd le s s  of t h e  value of BLANAL. 

DLIM 

LSSAVE (2 ,  20) - required i f  SAVETPSO. 

XdRD 

y@RD a restart run. 

(3,NNDLIM) - required i f  NNDLIM>O. 
I 

May be input  only on 

C .  Arrays which are required only f o r  t h e  Eladder Analysis 

option 

D. Arrays which are opt ional  only f o r  t h e  Bladder Analysis 

opt ion a 

MLAYER (NLAYER) (required i f  NMAT21) 

CYCTgF (40 ,  NCYCF) -(used only i f  FLIFEPO) 

CYCM Used only i f  FLIFEfO. 

CYCZ May be input  o r  calculated.  

E. Arrays which are required only f o r  t h e  standard s t r a i n  

a n a l y s i s  op t ion .  

Np (6 ,  NUMEL) 

CORNER (3  ,NUMCP) 

VTH (NMAT 1 
IBC@ND (2 ,NUMBC) 

DISPL (3,NID) - required i f  N I D > O .  

L#ADE (NL$AD) 

L@ADS ( N L ~ A D )  
required i f  N L @ A D > O .  

F. Arrays which are op t iona l  f o r  t he  Standard S t r a i n  Analysis 

op t ion. 

DELTAP (NDP) - required i f  NDP > O .  

MATEL (NMAT) - required i f  NMAT >O. 

VPR (NL@AD) 
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2.3 Def in i t i on  of Input Symbols 

2.3.1 General Input Quant i t ies  

1) HEADER - 

2) BLANAL - 

3) RECCYL - 

4) NMAT - 

5) NNDLIM - 

6 )  MAXST - 

7) ITER - 

8) C0NVER 

Input header (See s e c t i o n  2.1.3, "Header Card" 

f o r  d e t a i l s )  

Bladder Analysis op t ion  f l a g :  

#O 

=O i f  Standard S t r a i n  Analysis op t ion  i s  desired.  

[nominal va lue  is 03 
Coordinate System opt ion  f l a g :  

=O i f  rectangular  coordinates  are des i red  ( s ing le  

i f  Bladder Analysis op t ion  is des i red ;  

f o l d  ana lys i s  i f  BLANALZO); 

#O i f  c y l i n d r i c a l  coordinates  are des i red  (double 

f o l d  ana lys i s  i f  BLANALZO). 

[nominal va lue  is 01 
Number of Materials : 

I f  NMAT>l, then t h e  material code of each element 

must be  entered i n  t h e  a r r ay  MATEL. 

[nominal va lue  is 11 
Number of l i m i t i n g  displacement e n t r i e s :  

I f  NNDLIM>O, then t h e  l i m i t i n g  displacements are 

spec i f i ed  i n  the  a r r ay  DLIM. 

[nominal value is 0 
Number of load s t e p s  t o  be used. 

[nominal value is 251 

Maximum of i t e r a t i o n s  t o  be  used f o r  each load 

s t ep .  

1 f o r  double fo ld  
1 0  otherwise.  0 m i ~ 1  va lue  is 

Convergence c r i t e r i o n :  

I f  CQNVER, 
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t h e  so lu t ion  i s  considered t o  have converged. 

N = 2*NuMNP, 
DF(i) = r e s i d u a l  load f o r  ith degree of freedom, 

F ( i )  = accumulated load f o r  ith degree of freedom. 

.1 f o r  double fo ld  opt ion 

0-4 otherwise 
va lue  = 

9)  IPRIN - Detai led p r i n t  i n t e r v a l :  

10) IRE 

The poin t  s t r a i n s  and stresses w i l l  be p r in t ed  out  

every IPRIN-th load s t e p  s t a r t i n g  with load s t e p  

IPRIN 

[nominal va lue  i s  1 3  
I - Load r e s i d u a l  op t ion  f l a g :  

I f  IRESI#O, then a t  t h e  s t a r t  of each load s t e p  

except t he  f i r s t ,  t h e  incremental  load vec tor  DF 

w i l l  be  set equal t o  t h e  r e s i d u a l  load vec tor  

from t h e  previous load s t e p .  

I f  IRESI=O, then a t  t h e  s ta r t  of each load s tep, .  

t h e  incremental  load vec tor  DF w i l l  be c leared  t o  

zero e 

[nominal value is  01 

11) MAXBW - Maximum band width: i .e . ,  2* (maximum d i f f e rence  

i n  node numbers of any s i n g l e  element) + 2. 

For t h e  Bladder Analysis op t ion  MAXBW must b e 2 8 *  

NLAYER + 10. 

[nominal va lue  is  50 

12) MAXBT - Maximum s i z e  of t h e  Dynamic Storage a r ray .  See 

s e c t i o n  6.2 "Dynamic Storage Array" and s e c t i o n  

5.6 "Memory Requirements" f o r  information descr ib ing  

how t o  estimate t h e  s i z e  of t h e  Dynamic Storage 

a r r ay  

[nominal value is 25000 
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13) RESTRT - Restart dump number: 

= nM i f  t h e  cur ren t  run i s  t o  be restart from 

dump n of t h e  input  restart tape ;  

= 0 otherwise 

[nominal value is O] 
14)  SAVETP - Restart f l a g :  

# 0 
on a "save tape" f o r  a poss ib l e  restart i n  a 

subsequent run; 

= 0 otherwise. 

I f  SAVETP # 0, then the  frequency a t  which t h e  

d a t a  is saved on t h e  output restart t a p e  must be 

spec i f i ed  by the  a r r ay  LSSAVE. 

[nominal va lue  is  03 

i f  is  i s  des i red  t o  save da ta  pe r iod ica l ly  

15) IRSIN : I n t e r n a l  f i l e  name f o r  input  restart tape. 

1 
1 

nominal value is 1 f o r  CDC 6500; c see sec t ion  6.6.4 of t h i s  r epor t  

16) IRSflUT : I n t e r n a l  f i l e  name f o r  output restart tape .  

nominal value is 3 f o r  CDC 6500; [ see s e c t i o n  6.6.4 of t h i s  r epor t  

17) NLAYER - Number of element l aye r s  f o r  t h e  Bladder Analysis 

opt ion.  

[no nominal value; must be spec i f ied]  

18) RFINAL - Rf = f i n a l  inner  fo ld ing  r ad ius .  

[no nominal value;  must be spec i f i ed ]  

19)  LWRAT - Ratio of t h e  t o t a l  length i n  t h e  x-direction t o  

t h e  t o t a l  bladder thickness  and/or t he  r a t i o  of 

t h e  number of i n t e r v a l s  i n  t h e  x-direction t o  t h e  

number of element l aye r s  ( for  t h e  s i n g l e  f o l d  

bladder ana lys i s  opt ion) .  

below. 

[nominal value is 23 

See NXINT and XLHGTH 
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20) NXINT - Number of i n t e r v a l s  i n  t h e  x-direct ion (for  t h e  

s i n g l e  f o l d  option).  

[nominal value is  LWRAT*NLAYER] 

21) XLNGTH - Tota l  length i n  t h e  x-direct ion ( for  t h e  s i n g l e  

f o l d  opt ion) .  

ominal va lue  is LWRAT*BLTHNS where 

NLAYER 

BLTHNS = DEPTH(i) 
i=l 

s t h e  t o t a l  "depth" of t h e  bladder area 

22) XSTART - xo = x-coordinate of t h e  l e f t  edge of t he  rectangular  

area ( fo r  t h e  s i n g l e  f o l d  opt ion) .  

[nominal va lue  is  01 

23) YSTART - yo = y-coordinate of bottom edge of t h e  rectangular  

area ( for  t he  s i n g l e  f o l d  opt ion) .  

[nominal value i s  01 
24) NANGIN - Number of angular i n t e r v a l s  ( for  t h e  double f o l d  

opt ion) .  

nominal value i s  18 corresponding t o  angular spacing 
of 10" 1 

I 

P 
t P 

25) RPTRAT - R 
- -  - r a t i o  of primary f o l d  r ad ius  R t o  t o t a l  

bladder thickness t ,  where 

NLAYER 

i=l 

I value i s  1000 f o r  t h e  s i n g l e  fo ld  opt ion  
and 10 f o r  t he  double f o l d  opt ion  

26) RSTRAT - Rs 
t - = r a t i o  of secondary f o l d  Rs t o  t o t a l  bladder 

thickness  t (for  t h e  double f o l d  opt ion) .  

[nominal value is 1001 
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27) RPFgLD - R = i n i t i a l  rad ius  of primary f o l d  

nner fo ld  rad ius  f o r  double f o l d ;  
adius  t o  median l i n e  f o r  s i n g l e  fo ld .  

nominal value is  RPTRAT*BLTHNS where BLTHNS = [ t o t a l  bladder thickness  

P 

=I 
28) RSFOLD - Rs = inner  rad ius  of secondary f o l d  ( for  double 

f o l d  opt ion)  

[nominal va lue  is  RSTRAT*BLTHNS] 

29) FLIFE - Fatigue l i f e  opt ion f l a g ,  

# 0 i f  t h e  f a t i g u e  l i f e  i s  t o  be  calculated and 

pr in ted  ou t ;  

= 0 otherwise. 

[nominal va lue  is  zero] 

30) NCYCF - Maximum number of p a i r s  of e n t r i e s  E and N .  i n  i 1 

t he  CYCTgF t a b l e  f o r  any material, where 

E = p l a s t i c  s t r a i n ,  i 

Ni = corresponding value of t h e  f a t i g u e  l i f e .  

nominal va lue  is  0; [ must not exceed 20 1 
31) NUMEL - Number of elements, 

32) NUMNP 

33) NUMCP 

34) NUMBC 

- Number of nodal po in t s .  

- Number of corner po in t s ,  

- Number of boundary condi t ion e n t r i e s  i n  IBCOND 

a r r ay  e 

- Number of elements which are pressure  loaded: 

a )  I f  BLANAL = 0, then a non-zero value must be 

spec i f i ed  f o r  e i t h e r  EJL@AD o r  N I D  (but not  

both) 

b)  I f  NL@AD > 0, then EJL s p e c i f i e s  t he  number 

of e n t r i e s  i n  each of t h e  a r r ays  L 

LgADS ( i . e .  t h e  number of elements which are 

pressure loaded)., 
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c )  I f  RECCYL = 0, then NLOAD must be>,O. 

d) I f  RECCYL # 0, then a negat ive value may be  

entered f o r  NLgAD. I f  NLplAD = -n (where n > O ) ,  

then n is  t h e  index of t h e  node which is  used 

as a re ference  f o r  changing t h e  rad ius  of 

curvature  of t h e  secondary fo ld .  

[nominal va lue  is  01 

$. 

3 6 )  N I D  - Number of imposed displacement cons t r a in t s .  

a) 
b)  I f  N I D > O ,  then N I D  s p e c i f i e s  the  number of 

See NLdAD above f o r  compat ibi l i ty  requirements. 

imposed displacement s p e c i f i c a t i o n s  i n  t h e  

a r r a y  DISPL. 

[nominal value is  01 

37)  NDP - Number of p a i r s  of e n t r i e s  i n  t h e  DELTAP ar ray .  

[nominal va lue  i s  01 

38) PRESS - Tota l  pressure t o  be  loaded: 

a )  
b )  I f  BLANAL = 0, i f  NLflAD90, and i f  NDP = 0, 

Ignored i f  NDP # 0, o r  i f  BLANAL # 0. 

then each s i d e  S .  loaded w i l l  be loaded i n  

MAXST equal load s t e p s  each of magnitude 
1 

pi APi = - MAXST. 

I f  PRESS i s  entered,  then Pi = PRESS f o r  each 

s i d e  loaded. I f  PRESS i s  not  entered then 

pi = VPR(i). 

I f  BLANAL = 0 and i f  NLflAD = - n < 0 ,  then t h e  

s t r u c t u r e  w i l l  be  loaded by changing t h e  rad ius  

of curvature  of node n. The change i n  t h e  

rad ius  w i l l  be given by t h e  t a b l e  DELTAP i f  

N D P 9 O  o r  by PRESS i f  NDP = 0. 

c )  
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2.3.2 Array Data 

With t h e  exception of t h e  a r r a y  LSSAVE, which is described below, 

a l l  of t h e  input  a r r a y s  are s to red  i n  t h e  Dynamic Storage Array and 

are described i n  d e t a i l  i n  s e c t i o n  6.2.4 of t h i s  document. Section 

6.2.3 lists a l l  of t h e  a r r a y s  i n  a lphabe t i ca l  order  f o r  easy reference.  

LSSAVE - 2*10 a r r a y  i n  which LSSAVE(1,i)  s p e c i f i e s  Ni and LSSAVE(2,i) 

s p e c i f i e s  n 
dumps of t h e  program da ta  are taken f o r  a poss ib l e  restart i n  

a subsequent run (provided t h a t  SAVETP # 0).  

which are used t o  con t ro l  t h e  frequency a t  which 
i9 

Dumps of t h e  restart d a t a  are made on load s t e p  nl and 

every n load s t e p s  u n t i l  load s t e p  N1 i s  reached. 

dumps of t h e  restart da t a  are made every n load s t e p s  f o r  

load s t e p s  between Ni-l and Nin 

I n  general  1 

i 

A maximum of t e n  p a i r s  of values  (Ni,ni) may be entered.  
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I N1 2.4 Input Forms 
. .- - 

? < '  Page  . of 

1.1? Pr ior i ty  

NAMELIST INPUT FORM Keypunched by 

,. I .. I .  1 Verif ied by 

COMMENTS General Input Data f o r  BLADER (AS189) R f l  

P $AS189 

HEADER= 6 OH 

RECCYL= 

NMAT= 

NNDLIM= 

MAXST= 

ITER= 

C@NVER= 

IPRIN= 

IRES I= 

MAXBW= 

MAXBKT= 

RESTRT= 

SAVETP= 

BLANAL= 

NLAY ER= 

RF INAL= 

FLIFE= 

[P i n  column l+pr in t  card images (TRW only)] 

[followed by 60 charac te rs  including blanks] 

[l f o r  c y l i n d r i c a l  coordinates;  no en t ry  otherwise] 

[number of materials ; no entry=31] 

[number of l i m i t i n g  displacements] .. 

[number of load s t e p s  desired] 

[max. no. of i t e r a t i o n s ]  

[convergence c r i t e r ion ]  _ _  

[detai led p r i n t  i n t e r v a l ]  _ _  

[ res idua ls  op t ion  flag] 

[maximum allowable band width] 

[max. s i z e  of dynamic s to rage  array] 

[n 

[l 

11 f o r  bladder ana lys i s ;  no en t ry  otherwise] 

[no. of element layers ]  

[ f i n a l  fo ld ing  radius] 

[l 

t o  restart from dump n] 

t o  save d a t a  f o r  a r e s t a r t ]  

. .- 

__ 

. .  

i f  f a t i g u e  l i f e  ca l cua l t i ons  are desired]  

. .  . 

[Additional input  q u a n t i t i e s  are described i n  sec t ion  2.2.1 
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I N1 
I 

,r 

Date . .  . .-- ... Page ______of . . . . . . . .  

Name . ..... . Priority _._ . . .  -. .- ... 

.... Problem No. . _  

No. of Cards - 

........... I ._ --. -.- 

NAMELIST INPUT FORM Keypunched by 

Verified by 

COMMENTS 1 
00 T I T L E :  Array Data f o r  BLADER (AS189) 

3 

P $DATA 

- - - 
I --- - 

. _  
VXI- 

vxu= 
! 

' VYP= 

. .  

t 

[P i n  column l=>Print  card ~ images - (TRW . only)  _. 

- [ P l a s t i c / e l a s t i c  - __ - modulus _ _ _  r a t i o  f o r  - - each . __ - material] - - ___ - - _ _ - - - - _- __ . 

[Poisson's r a t i o  _ -  f o r  _ _  each material] _- _- _ -  

. . _  _ _ -  - 

~ _ _ _ _  [elastic _ _  modulus - _ _  - f o r  each material] _ _  -- - . .  - 

_- - - - - -. - _ - -_ [y ie ld  p o i n t  f o r  each material] 

1 I DLIM= [ l imi t ing  displacement specifications_] __ __ .. . . .  ___ ....... 

i DEPTH= 
; 
I MLAYER= 

[depth of each element l aye r ]  
. - - - . _.__ - - - - - .......... 

... ..... . . - _  - _ -  _ -  
[material code f o r  each l aye r ]  __ - _ _  

.. - .... - .. _ ... . . . . . . . . . . . . . . .  . I  i 
I 
I 

. .  .. . .  . [ 

i 

_______ 

....... ~- ........... -~ .... .. __ __ -. ..... i i .  
. . . . . .  - - . . .... __ -. ... . . . .  I I 

I 
. . . . . .  . . . . . . . . . . . . .  . .......... I 

......... ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- i -~ . . . .  . . . . . . . . . . . . . . .  I -  
I 
I 

I . .  I 



2 e 5 R e s  t a r t  Procedure 

2.5.1 Introduct ion 

An opt ion a v a i l a b l e  i n  t h e  BLADER program allows a problem which 

has been i n t e r r u p t e d  f o r  some reason i n  one computer run t o  be continued 

i n  a subsequent computer run. I n  order t o  restart an  in t e r rup ted  

problem t h e  use r  must have in s t ruc t ed  t h e  program t o  save the  necessary 

da t a  on a restart tape during t h e  i n i t i a l  run. H e  does t h i s  by 

appropr i a t e  e n t r i e s  i n  t h e  N a m e l i s t  i npu t  of t h e  i n i t i a l  run and by 

request ing t h e  restart  t a p e  t o  be saved by having t h e  appropriate  con t ro l  

cards i n s e r t e d  i n  the  deck. Then i n  t h e  restart run the  user must 

request  t h e  saved restart tape  t o  be mounted again by having appropriate  

con t ro l  cards  i n s e r t e d  i n  the  deck, and must e n t e r  RESTART # 0 i n  the  

N a m e l i s  t i npu t .  

2.5.2 I n i t i a l  Run - 

1) 

2) 

Enter SAVETP = 1 i n  t h e  General Input Data. 

Enter t h e  LSSAVE a r r a y  t o  spec i fy  t h e  frequency of t h e  

restart dumps. See s e c t i o n  2.3.2 f o r  a desc r ip t ion  of t he  

a r r a y  LSSAVE. 

Insert t h e  appropriate  con t ro l  cards  t o  have the  restart  

t ape  saved. 
3) 

2.5.3 Restart Run 

1 )  Enter RESTRT = np where n is  the  number of t he  dump corre- 

sponding t o  t h e  load s t e p  from which t h e  user wishes t o  

continue. 

i n i t i a l  run each t i m e  a dump of t h e  restart da t a  i s  taken. 

I n s e r t  t h e  appropriate  con t ro l  cards  t o  have t h e  previously 

generated restart tape mounted. 

The dump number i s  p r in t ed  out  during the  

2) 

2.5.4 Modifying Data on a Restart Run 

On a restart run t h e  use r  i s  allowed t o  modify t h e  values of 

some input  q u a n t i t i e s  through t h e  Namelist input., The o r i g i n a l  

i n t e n t i o n  of t h e  programmer w a s  t o  allow t h e  user  as much freedom as 
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possible in modifying the problem on a restart run, but several 

programming considerations (the most important of which is the Dynamic 
Storage feature) made it necessary to impose some restrictions on the 
quantities which may be modified on a restart run. 
modifications such as changing coordinate systems or changing the 
dimensions of the problem are not allowed. In most cases these 
restrictions do not impose unreasonable limitations on the user. It 
is unlikely that the user would want to change coordinate systems, 
or to change the dimensions of the problem in the middle of a given 
problem. 

Thus major 

Below, an attempt has been made to indicate those quantities 
which may be safely modified on a restart run and those quantities 
which may not be modified. 

1) Quantities which may be modified on any restart run: 

HEADER 
ITER 
CQ)NVER 
IPRIN 
IRES1 
RESTRT 
SAVETP 
VEN 

VXI 

vxu 
VYP 

owever it is not possible to remove a constraint 
once a node has reached its limiting displacement. 

he arrays XgRD and Y@RD are not input on an initial 
run, but the coordinates of any node may be modified 

a restart run. 

2) Additional quantities which may be modified only if BLANAL # 0: 
CYCM 
CYCZ 
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3)  Additional quantities which may be modified only if 

BLANAL = 0: 

PRESS : The value of PRESS may be modified, but the method 

of loading may not be changed. Thus if PRESS was 

not entered on the initial run, it must not be 

entered on a restart run. 

MAXST 

VTH 

L0ADE 

L(&DS 

DELTAP 

MATEL 

VPR 

Quantities which must never be modified: 

RECCYL 

BLANAL 

NLAYER 

RFINAL 

LWRAT 

NXINT 

XLNGTH 

XSTART 

YSTART 

NANGIN 

RPTRAT 

RSTRAT 

RPF(bLD 

4 )  

RSF~LD 

FLIFE 

NCYCF 

NUMCP 

DEPTH 
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MLAYER 

CYCTOF 

CORNER 

DISPL 

Quant i t ies  which might be modified with some r i s k .  5) 

A word of explanation i s  appropr ia te  here.  It i s  

recommended t h a t  none of t h e  q u a n t i t i e s  l i s t e d  below be  

modified i n  a restart run. 

on a restart i s  a t  b e s t  hazardous. A t  worst i t  could be 

d isas te rous .  However, i n  case someone f e e l s  p a r t i c u l a r l y  

adventuresome w e  l i s t  these  q u a n t i t i e s  i n  the  hope t h a t  the  

program won't completely blow i t s  mind i f  some user  des i r e s  

t o  change t h e  problem dimensions. One f i n a l  point  i s  t h a t  

because of t h e  Dynamic Storage f e a t u r e  used i n  t h i s  program 

i t  d e f i n i t e l y  i s  not poss ib le  t o  decrease any problem dimensions. 

Changing t h e  problem dimensions 

NMAT 

NNDLIM 

MAXBW 

MAXBKT 

NUMEL 

NUMNP 

NUMBC 

ITLOAD 
N I D  May not change method of loading 

NDP 

NP 
IBCOND The boundary conditions are cmmulative.  It may 

be poss ib le  (but not  advisable)  t o  add boundary 

conditions on a restart run, bu t  ex i s t ing  boundary 

conditions may no t  be deleted.  
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3.0 OUTPUT 

There are two b a s i c  types of pr in ted  output :  the  p r in tou t  produced 

by the  opera t ing  system and the  p r i n t o u t  produced by the  program i t s e l f .  

The system generated p r in tou t  cons i s t s  of  such th ings  as the  load map, the  

l i s t i n g  of N a m e l i s t  card images, t h e  d a t a  o r  program dumps, and the  

d a y f i l e ,  and i s  more o r  less no t  under t h e  con t ro l  of t h e  program. 

program generated p r i n t o u t  cons i s t s  of everything pr in ted  d i r e c t l y  under 

the  con t ro l  of the  program by means of For t ran  WRITE and FORMAT state- 

ments. The two d i f f e r e n t  types of output  may appear i n t e r spe r sed  

throughout t he  output l i s t i n g  and may even appear on the  same page. 

The 

The main reason f o r  d i s t i ngu i sh ing  between the  two d i f f e r e n t  

types of p r i n t o u t  i s  t h a t  while t h e  program generated output is more o r  

less independent of t he  computing system which t h e  program w a s  run,  t he  

system generated output  i s  very much dependent on the  computing system. 

For example, the  f e a t u r e  which allows t h e  l i s t i n g  of t he  Namelist card 

images may be  unavai lable  on some computing systems. 

Below w e  s h a l l  l ist  and, i n  some cases  d i scuss ,  the  var ious 

ca tegor ies  of p r in tou t  t h a t  may be produced. The system generated p r i n t -  

ou t  w i l l  b e  ind ica ted  by p lac ing  "(system)" a f t e r  each appropr ia te  

category. 

i n d i c a t e  t h e  condi t ions under which c e r t a i n  ca tegor ies  of p r in tou t  w i l l  

be  produced. The ca tegor ies  w i l l  be  l i s t e d  i n  the  approximate order  i n  

which they may be  produced, 

I n  addi t ion ,  comments enclosed i n  parentheses w i l l  be used t o  

1 )  Load map: (system) - see s e c t i o n  5.4 f o r  a load map 

produced on t h e  CDC 6500 at  TRW. 

2) L i s t ing  of card images f o r  t he  General Input  Data: 

(system) 

3) Input Parameters: This category cons i s t s  of the  values  of 

parameters such as t h e  number of elements,  t h e  maximum 

number of load s t e p s ,  e t c .  which may be input  o r ,  i n  some 

cases ,  generated by the  program. 

4 )  Lis t ing  of card images f o r  t h e  Array Data: (system). 
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Bladder Analysis Parameters: ( B M A L  p 0) - 
This category cons i s t s  of such q u a n t i t i e s  as number of 

element l a y e r s ,  t o t a l  length,  f i n a l  fo ld  rad ius ,  etc. 

Nodal coordinates:  (BLANAL # 0) - 
The x and y coordinates f o r  t he  s i n g l e  f o l d  opt ion o r  t h e  

r and z coordinates f o r  the  double fo ld  opt ion are pr in ted  

out f o r  each nodal point .  

Fatigue l i f e  as a funct ion of p l a s t i c  s t r a i n  f o r  each 

material: 

P l a s t i c  s t r a i n  coe f f i c i en t s  : 

M and z are pr in ted  out  f o r  each material. 

Material and geometric proper t ies :  The elastic modulus, 

Poisson's r a t i o ,  etc. are p r in t ed  out  f o r  each material. 

(BLANAL # 0 and FLIFE # 0) .  

(BLANAL # 0 and FLIFE # 0) 

10) Variable material spec i f i ca t ion :  (NMAT < 1) - 
The material code is p r i n t  ou t  f o r  each element. 

11) Corner poin t  a r ray :  (BLANAL = 0) - 
The coordinates  (x and y o r  r and z )  of each corner  

po in t  are pr in ted  out. 

12) Element a r ray :  The node numbers n 1, nZe ..., n6 f o r  each 

element are pr in ted  ou t  under t h e  headers I, J, K, L, M, 

and N respec t ive ly .  

13) Boundary condi t ions:  (BLANAL = 0) - 
The nodal index and t h e  c o n s t r a i n t  code are p r in t ed  o u t  

f o r  each boundary condition under the  headings PQINT and 

NFIX respec t ive ly .  

IBCQND ( i t e m  40) i n  s ec t ion  6.2.4 of t h i s  document f o r  d e t a i l s .  

See the  desc r ip t ion  of the  input  a r r ay  

14)  Nodal displacement l i m i t s :  (NNDLIM > 0) - 
The nodal index, t h e  d i r e c t i o n  code, and t h e  magnitude of 

t h e  displacement are pr in ted  out  f o r  each l i m i t i n g  displacement 

cons t ra in t .  See the  desc r ip t ion  of DLIM (i tem 30) i n  

sec t ion  6.2.4. 
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Pressure loading spec i f i ca t ions :  

The element index and the  s i d e  code f o r  each pressure 

loading condition are p r in t ed  out.  I f ,  i n  addi t ion ,  ne i the r  

of NDP and PRESS is spec i f i ed ,  then t h e  pressure  loading 

f o r  each s i d e  loaded i s  a l s o  pr in ted  out .  

t i ons  of LdADE, L@ADS, and VPR i n  s e c t i o n  6,2,4 of t h i s  

document e 

Imposed displacements: (BLANAL = 0) - 
The nodal index, t h e  d i r e c t i o n  code and t h e  magnitude of 

each imposed displacement cons t r a in t  are pr in ted  out.  See 

t h e  desc r ip t ion  of DISPL ( i t e m  39) i n  s e c t i o n  6.2.4. 

The band width of t h e  s t i f f n e s s  matr ix  i s  pr in ted  ou t  

opposi te  t he  heading BAND WIDTH. 

The t o t a l  length of the dynamic s to rage  a r r ay  i s  pr in ted  

out as a decimal i n t ege r  and as an o c t a l  i n t ege r .  

Load s t e p  and i t e r a t i o n  information: 

(NL@AD > 0) - 

See the  descr ip-  

a )  Load 

b)  Load 

i )  

ii) 

iii) 

s t e p  number, 

s t e p  s i z e ( s )  (AP)i and t o t a l  load(s)  Pi: 

I f  NL@AD > 0 and i f  e i t h e r  NDP > 0 o r  PRESS was  

spec i f ied  i n  t h e  N a m e l i s t  input ,  then (AP>i is 

the cur ren t  value of t h e  incremental  p ressure  

loading and Pi is t h e  accumated pressure load. 

The two values (AP>i and Pi apply t o  a l l  s i d e s  

loaded. 

I f  NL@AD > 0 and n e i t h e r  NDP nor PRESS w a s  

spec i f i ed ,  then (AP)i is the  incremental  p ressure  

load f o r  t he  i t h  s i d e  loaded and Pi i s  t h e  

corresponding accumulated pressure  loading. 

See t h e  descr ip t ions  of LgADE, LgADS, DPR and TPR 

i n  sec t ion  6.2.4 of t h i s  document, 

I f  NLdAD = - R < 0, then (AP)i is  the  cur ren t  

value of t h e  incremental  change i n  primary fo ld  

radius  and P.  is  the  accumulated change i n  fo ld  

rad ius  (i.e. r - 1: ) of node n ,  
1 

P 
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19) Load s t e p  and i t e r a t i o n  information: (continued) 

iv) I f  NL@AD = 0 (hence N I D  # 0) and i f  BLANAL = 0,  

then (AP). and P.  have no s ignif icance.  

I f  BLANAL # 0 and RECCYL = 0 ( s ing le  fo ld  bladder 

ana lys i s )  then (AP)i = 0 has no s ign i f i cance ,  

but  P. s p e c i f i e s  t h e  .cur ren t  value of the f o l d  

r ad ius  (measured from t h e  o r i g i n  t o  t h e  median 

l i n e ) .  

1 1 

v) 

1 

v i )  I f  BLANAL # 0 and RECCYL 0 (double fo ld  bladder 

ana lys i s )  

i n  t h e  secondary inne r  fo ld  radius  and IPRESS i s  

t h e  accumulated change i n  t h e  secondary inner 

f o l d  r ad ius ,  

then (AP)i is  t h e  incremental change 

c) Force norm: 

IlFll = Fxi 2 +  

i= 1 

is  p r in t ed  ou t  f o r  each load s t ep .  

d)  DF norm 

e) DF/F norm r a t i o  

For each i t e r a t i o n  t h e  DF norm IIDFll and t h e  r a t i o  

are p r in t ed  out. IPll 
20) To ta l  f o r c e  and t h e  to . ta l  moments: (RECCYL # 0)  - 

For each load s t e p ,  t he  t o t a l  f o r c e  f and the  t o t a l  

moments M and M are p r in t ed  ou t ,  
8 

r 2 

21) Fold radius:  (NL$AD < 0) - 
I f  NL@AD = - n < 0 ,  then t h e  cu r ren t  value of the  primary 

fo ld  r ad ius  R = r is  p r in t ed  out  f o r  each load s t ep .  n 
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22)  Radius of curvature:  ( s ing le  fo ld  ana lys i s )  - 
For each load s t e p ,  t he  inner radius  of curvature  at the  

cen te r l ine  (x  = 0) is pr in ted  out.  

2 3 )  Nodal po in t  forces  and displacements - 
The x and y ( f o r  rec tangular  coordinates) o r  t h e  r and z 

( for  c y l i n d r i c a l  coordinates) components of displacement, 

accumulated loads, and r e s idua l  loads are pr in ted  out  f o r  

each nodal po in t  f o r  each load  s t ep .  

2 4 )  Estimated f a t igue  l i f e  (FLIFE and BLANAL # 0) - 
The estimated f a t i g u e  l i f e  and the  maximum equivalent  

p l a s t i c  s t r a i n ,  and t h e  index of t h e  node a t  which t h e  

m a x i m u m  equivalent  p l a s t i c  s t r a i n  occurs is  pr in ted  

out  f o r  each element layer  f o r  each load s tep .  

25) Poin t  s t r a i n s  - 
A t  load s t e p  i n t e r v a l s  determined by the  input  parameter 

IPRIN, t h e  e l a s t i c ,  p l a s t i c  and t o t a l  s t r a i n s  are pr in ted  

out  f o r  each nodal point .  

following components of s t r a i n  are pr in ted  out  f o r  each 

type of s t r a i n :  

I f  RECCYL = 0,  then t h e  

E x’ y’ yx y E 

I f  RECCYL # 0, then the  following components of s t r a i n  

are pr in ted  out  f o r  each type of s t r a i n  

z’  €0’  ‘r z € r9  E 

26)  Point  stresses - 
A t  load s t e p  i n t e r v a l s  determined by the  input  parameter 

IPRIN, the  nodal coordinates (x and y o r  r and z ) ,  t h e  

poin t  stresses (a a a a z 9  and a i f  RECCYL = 0 ,  

o r  ar9 az9 a*’ Trz9 and a i f  RECCYL # 0) ,  and the  

accumulated p l a s t i c  work and t h e  incremental  p las t ic  work 

(DWP). are pr in ted  ou t  f o r  each nodal point .  

- 
x Y ,xY 
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27) Dump of LBUCKT a r ray  and Dynamic Storage Array (System) - 
I f  the  so lu t ion  f a i l s  t o  converge, t h e  program calls t h e  

l i b r a r y  rou t ine  PDUMP t o  dump out  t he  LBUCKT ar ray ,  which 

s p e c i f i e s  the  D.S.A, po in t e r s ,  and t h e  Dynamic Storage 

Array. 

t h e  D.S.A. 

See sec t ion  6.2 f o r  a desc r ip t ion  of LBUCKT and 
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4,O SAMPLE CASE 

4 , l  Descr ipt ion of Sample Problem 

I n  th i s  sec t ion ,  a s i m p l e  s i n g l e  f o l d  aluminum bladder  problem i s  

presented i n  order  t o  i l l u s t r a t e  some of t h e  program fea tu res .  The 

bladder  f i n i t e  element model cons is ted  of s i x  elements,  as shown i n  

Figure 4-1. The material p rope r t i e s  are: 

E = 200 KSI 

u = 0.33 

X = -167 

d = 10 KSI 
Y 

The o the r  p e r t i n e n t  input  q u a n t i t i e s  are given i n  the  next sec t ions .  

4.2 Load Sheets f o r  Sample Problem 

The load shee t  f o r  t h e  example problem is shown on t h e  next  

page. 

4.3 P r in tou t  f o r  Sample Problem 

Following the  load s h e e t  is  t h e  p r i n t o u t  f o r  t h e  s i n g l e  f o l d  

problem of Figure 4-1. For b r e v i t y ,  only load s t e p s  1 and 20 ( the  f i r s t  

and las t  s t e p s )  are shown. 

Y 

02 " 02" * 02' 

Figure 4-1: Sample S ingle  Fold 
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5.0 OPERATING PROCEDURES 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

Computing Sys t e m  Requirements 

5.1 a 1 Hardware Requirements 

5.1.2 Software Requirements 

5.1.3 Input/Output Units 

Deck Setup 

5.2.1 Administrative Control Cards 

5.2.2 CDC Control Cards 

5.2.3 End-of -record and End-of -f i l e  cards 

Library Subroutines 

Load Map 

Subroutine Cross-Ref erences 

Memory Requirements 

Print/Timing E s t i m a t e s  

5.7.1 P r i n t  Volume 

5.7.2 Execution Time  

Error  Messages 

5.1 Computing System Requirements 

5.1.1 Hardware Requirements 

1) High speed d i g i t a l  computer such as CDC 6500 o r  UNIVAC 1108. 

2) A t  least 25K (decimal) memory - ( l a rge r  memory permits 

s o l u t i o n  of l a r g e r  problems). 

3) Two magnetic tape u n i t s  i f  f u l l  restart capab i l i t y  is 

desired., 

i npu t  parameters are set  properly (See sec t ion  6.6.4). 

One magnetic t a p e  u n i t  would be s u f f i c i e n t  i f  

5.1,2 Software Requirements 

1) The e n t i r e  BLADER program i s  coded i n  Fortran I V .  Although 

t h e  BLADER program w a s  compiled and checked out pr imari ly  

on t h e  CDC 6500 computing system at  TRW, a g rea t  e f f o r t  has 

been made t o  avoid using any programming p rac t i ces  which 
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1) (continued) 

would cause s i g n i f i c a n t  problems i n  converting the  program 

t o  o ther  computing systems which have Fortran I V  capab i l i t y  

reasonably c lose  t o  ASA standards.  

2) The memory release fea tu re  of t h e  CDC 6500 computing system 

at TRW is  used, bu t  i s  n o t  r e a l l y  required and t h e  usage 

thereof can be  e a s i l y  eliminated. 

3) The N a m e l i s t  f ea tu re  of Fortran I V  i s  used t o  read 

input  d a t a  e 

5.1.3 Input/Output Units 

1 )  Fortran l o g i c a l  u n i t  5 i s  the  standard input f i l e  ( f i l e  

INPUT on the  CDC 6500 computing system). 

2) Fortran l o g i c a l  u n i t  6 i s  t h e  standard output f i l e  ( f i l e  

@UTPUT on t h e  CDC 6500 computing system). 

3) One magnetic tape u n i t  i s  required f o r  the input  restart  

i f  the input  parameter RESTRT is  nonzero. The Fortran 

l o g i c a l  u n i t  number f o r  t h i s  tape  u n i t  is determined by 

the  parameter IRSIN.  On the  CDC 6500 computing system, t h e  

nominal value of IRSIN is 1 corresponding to  f i l e  TAPE 1 

(see sec t ion  6.6.4) 

4) One magnetic tape u n i t  is  required f o r  t he  output restart 

tape i f  t h e  input  parameter SAVETP is  nonzero. The Fortran 

l o g i c a l  u n i t  number fo r  t h i s  tape u n i t  is determined by the  

parameter IRS@UT. 

nominal va lue  of IRS@UT i s  3 corresponding t o  f i l e  TAPE 3 

(see sec t ion  6.6.4) - 
On t h e  CDC 6500 computing system, the  
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5.2 Deck Setup 

The deck se tup  f o r  executing the  BLADER program from a b inary  deck 

is very simple. 

o r  from f i l e  service would be equal ly  simple. 

deck setup f o r  executing from a binary deck on t h e  CDC 6500 computing 

system at  TRW i s  described. From t h i s  one b a s i c  deck se tup ,  hopeful ly  t h e  

deck setup f o r  executing from a binary program tape  o r  from f i l e  service 

o r  even f o r  running on a d i f f e r e n t  computing system w i l l  be  suggested. 

The deck setup f o r  executing from a binary program tape  

I n  t h i s  r epor t  only the  

5-2 .1  Administrative Control Cards 

I n  t h i s  s ec t ion  i s  presented a l ist  of t h e  adminis t ra t ive  con t ro l  

cards t h a t  are l i k e l y  t o  be used when executing t h e  BLADER program on t h e  

CDC 6500 computing system at  TRW. Because the  format of these  cards  may 

change from t i m e  t o  t i m e ,  t he  reader  is re fe r r ed  t o  sec t ion  4.3.6.1 of 

the T R W  Systems Programming Handbook f o r  d e t a i l s .  

2) $ PR~BLEM 

3) $ PR$GRAM, AS189. 

4) $ PRI$RITY 

5) $ MAXTIM 

6) $ FLENGTH (See sec t ion  5.6 Memory Requirements) 

7) $ PRINT 

8) $ TAPE 

For example, i f  w e  wish t o  run a case which uses the  input  

restart tape  1234 mounted on u n i t  1 and which w i l l  w r i t e  

an output save tape  mounted on u n i t  3,  then w e  would include 

the  following $ TAPE cards: 

$ TAPE, TAPE 1, 1234. 

$ TAPE, TAPE 3 ,  S, 
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5.2.2 CDC Control Card's 

In t h i s  s ec t ion  is  presented a l ist  of t he  GDC cont ro l  cards  t h a t  

are required f o r  executing the  BLADER program from a b inary  deck. 

general  usage of t he  CDC con t ro l  cards is  descr ibed i n  t h e  CDC SCgPE 

reference manual e 

The 

1 )  SET (1) - p r e s e t s  core  t o  i n d e f i n i t e s  before  program 

is  loaded. 

2) INPUT. - loads program and starts execution. 

When a l a r g e  amount of p r i n t o u t  i s  expected, t he  l i n e  

count should be  set t o  a l a r g e  va lue ,  e.g. INPUT 

(LC = 1000000). 

3) EXIT, 

4 )  V I V .  

Actually,  t h e  V I V  card is  not  a standard CDC con t ro l  

card. 

computing system and is  descr ibed i n  sec t ion  4.3.5.1 of 

the  TRW Systems Programming Handbook. 

Rather,  it i s  a s p e c i a l  f e a t u r e  of the  TRW 6500 

5.2.3 End-of-record and End-of-file Cards 

These are s tandard cont ro l  cards  f o r  t h e  CDC 6500 computing system. 

An end-of-record card has  7-8-9 punches i n  column 1, and an end-of-fi le 

card has 6-7-8-9 punches i n  column 1. 

5.3 Library Subroutines 

The following is a complete l i s t  of a l l  l i b r a r y  subrout ines  

e x p l i c i t l y  c a l l e d  by the  BLADER program. 

subrout ines  such as the  I/@ rout ines  which may be  ca l led  i n d i r e c t l y  by 

READ, w r i t e ,  and o ther  I/@ statements .  

This l ist  does no t  include 

1 )  MRELSE - Memory release rou t ine  f o r  t he  CDC 6500 computing 

system a t  TRW. For executing the  BLADER program 

on o ther  computing systems, t h e  two cal l  s ta tements  

c a l l i n g  MRELSE from t h e  main program BLADER may 

be removed o r  a dummy rou t ine  f o r  MRELSE may be 

provided e 
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2) K @ G  - Natural  logarithm subroutine: Obtains ln(x) 

f o r  given x. 

3) C@S - Cosine subroutine: Obtains COX(x) f o r  given x 

(where x i s  i n  rad ians) .  

X 4 )  EXP - Exponential subroutine: Obtains exp(x) = e 

f o r  given x. 

5 )  P D W  - Memory dump subroutine: PDUMP i s  a more o r  

less s tandard memory dump rou t ine  ava i l ab le  on 

many computing systems. The c a l l i n g  sequence i s  

where Li and U. i nd ica t e  t h e  lower and upper 

l i m i t s  of t he  memory region t o  be dumped and f 

i s  a f l a g  ind ica t ing  the  format of t he  dump: 

1 

i 

0 f o r  o c t a l  dump, 

1 f o r  real  c u p ,  

2 f o r  i n t ege r  dump. 
fi 

I f  the Bladder Program i s  t o  be executed on a 

computing system which does n o t  provide a PDUMP 

subrout ine,  then .the CALL PDUMP statements i n  

subrout ine EERRXX may be de le ted  o r  replaced by 

an0 t h e r  dumping procedure e 

6 )  SIN - Sine subroutine: Obtains s in(x)  fo r  given x. 

7) SQRT - Square root  subroutine: Obtains f o r  given x. 

5.4 Load Map 

5,5 Subroutine Cross-References 

The following is a load map and subrout ine cross  re ference  l i s t i n g  

produced when executing the  BLADER program on the  CDC 6500 computing system. 
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5 6 Memory Requirements 

The b a s i c  memory requirements f o r  t h e  BLADER program (excluding 

the  v a r i a b l e  memory requirements of t h e  Dynamic Storage Array) are 

r e l a t i v e l y  modest. 

requirement is  approximately 46000 ( o c t a l k  19,500 (decimal) cells 

The memory required f o r  t h e  Dynamic Storage Array is  extremely v a r i a b l e ,  

depending on the  s i z e  of t he  problem. On t h e  CDC 6500 computing system, 

the  program begins with 3000 (decimal) = 5670 (oc ta l )  c e l l s  i n  t h e  

D.S.A., but  may increase  o r  decrease t h e  s i z e  of t h e  D.S.A. - depending 

on t h e  s i z e  of the  problem. On a computing system which does not  have 

a memory release f e a t u r e  such as tha t  on the  CDC 6500 computing system 

a t  TRW, it would be necessary t o  dimension the  a r r ay  BUCKET i n  t h e  

BLADER main program with t h e  maximum dimensions des i red  f o r  t he  D.S.A. 

On t h e  CDC 6500 computing system, t h e  b a s i c  memory 

Tables 5.6.1 and 5.6.2 should b e  h e l p f u l  i n  es t imat ing t h e  s i z e  

of the  Dynamic Storage Array f o r  a given problem. 

most cases t h e  only r e a l l y  s i g n i f i c a n t  parameters are t h e  number of 

elements NUMEL and the  number of nodal po in ts  NUMNP. 

parameters are described i n  sec t ion  2.3 of t h i s  r epor t .  

It tu rns  out  t h a t  i n  

All of t h e  input  

For a bladder ana lys i s  problem (BLANAL # 0) ,  many of the 

dimensional q u a n t i t i e s  (NUMEL, NUMNP, etc.) are ca lcu la ted  from t h e  

b a s i c  bladder dimensions as indicated i n  t a b l e  5.6.2. NLAYER, LWRAT, 

and NANGIN are t h e  b a s i c  input  dimensions. 
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NUMEL X 

NUMNP x 
NMAT X 

NDP x 
NUMBC x 
N I D  X 

NNDLIM X 

Plus 

NLflAD x 
NL@D x 

NUMEL x 
NUMEL x 
NLAYER X 

NMAT X 

Plus 

Table 5.691 

Dynamic Storage Requirements 

Rectangular 
Coordinates 
(RECCYL = 0) 

102 

33 

5 

2 

2 

2 

5 

2 

3 

Cy 1 indr  i c a1 
Coordinates 
(RECCYL # 0) 

120 1 mst s i g n i f i c a n t  
37 \ dimensions 

5 

2 

2 

2 

5 

2 

3 

If NLflAD > 0 

I f  NLflAD > 0 and 
n e i t h e r  NDP nor  
PRESS is  entered.  

I f  NLflAD < 0 

IfNMAT > 1  

I f  BLANAL # 0 

I f  FLIFE # 0 

2* NUMNP * BANDW f o r  t he  band matr ix;  where BANDW i s  the  band 

width of the  system s t i f f n e s s  matrix.  
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Table 5.6.2 

Bladder Analysis Dimensions 

NXINT 

NPTSX 

NPTSY 

NUMEL 

NUMNP 

NMAT 

NDP 

NUMBC 
N I D  

NNDLIM 

NLQIAD 

BANDW 

Single  Fold Double Fold 

LWRAT * NLAYER 

2 * NXINT + 1 

2 * NLAYER + 1 

2 * NLAYER * NXINT 

NPTSX * NPTSY 

Input 

0 

NPTSY 

2 * NPTSY 

Input 

0 

8 * NLAYER + 10 

NANGIN 

2*NXINT + 1 

2*NLAYER + 1 

2 *NLAYER*NXINT 

Input 

0 

2 *NPTSY 

0 

Input  

<O 
8*NLAYER + 10 

Note: I f  FLIFE # 0,  then t h e  a r ray  CYCTdF w i l l  

r equ i r e  40 * NMAT cells. However, s ince  

the  CYCTdF ar ray  is  overlaid by the  band 

matr ix ,  which is  normally l a r g e r  than the  

CYCTOF ar ray ,  t he re  i s  usua l ly  no need t o  

allow e x t r a  s torage  f o r  t he  CYCTdF array.  

5.7 Print/Timing E s t i m a t e s  

Both the  volume of pr in ted  output  and the  execution t i m e  are 

extremely va r i ab le  being dependent upon such f a c t o r s  as t h e  problem 

dimensions, the  number of load s t eps ,  and t h e  opt ions  se lec ted .  I n  t h i s  

s ec t ion  an attempt i s  made t o  present information t h a t  w i l l  assist the  

user  i n  es t imat ing  the  volume of p r in t ed  output and t h e  execution t i m e .  

5.7.1 P r i n t  Volume 

For t h e  purposes of es t imat ing the  volume of pr in ted  output ,  t he  

p r i n t  may be divided i n t o  three  categories:  input  p r in tou t ,  standard 

load s t e p  p r in tou t ,  and d e t a i l e d  load s t e p  pr in tout .  The following 

algorithms consider only the  options which g rea t ly  a f f e c t  t h e  volume of 

p r in tou t  and hence provide only an estimate of t he  pr in ted  output.  
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5.7.1 P r i n t  Volume (continued) 

1) Input  pr in tout :  

No. of l i n e s  C + E -k P + Z where 

c =  no. of input  cards ,  

E =  no. of elements (multiplied by 2 i f  blank l i n e s  are 

included),  

P =  no. of po in t s ,  

100 i f  blank l i n e s  are included, 

60 otherwise. 

2 )  Standard load s t e p  pr in tout :  

No. of l i n e s  

I = no. of i t e r a t i o n s  (5 ITER), 

P = no. of po in t s ,  

L = no. of s i d e s  loaded (see VPR i n  sec t ions  6 . 2 . 3  and 6 . 2 . 4 ) ,  

MAXST * (I + P + L +'Z) where 

20 i f  blank l i n e s  are included, 

10 otherwise 

3 )  Detailed load step pr in tout :  

No. of l i n e s  .. - - ( 4  * P + z) IPRIN 
where 

P = no. of po in t s ,  

25 i f  blank l i n e s  are included, 

12 otherwise. 

I n  some computing systems blank l i n e s  must be  included i n  the  

estimate of t he  p r i n t  volume while i n  o ther  computing systems only real 

l i n e s  are counted, 

5.7.2 Execution Time 

Although t h e  problem options (i.e. coordinate system, bladder  o r  

standard s t r a i n  ana lys i s ,  e t c . )  have very l i t t l e  e f f e c t  upon the  running 

t i m e ,  t h e  problem dimensions, t he  number of load s t e p s ,  and the  convergence 

c r i t e r i o n  have a g r e a t  e f f e c t  upon the  running t i m e .  

d i f f i c u l t  t o  determine the  r e l a t i o n  between the  problem dimensions and t h e  

running t i m e .  

square of t h e  number of nodeso and the  number of nodes is  i n  tu rn  

It is  somewhat 

The band matr ix  s i z e  is approximately proport ional  t o  the  
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5.7.2 Execution Time (continued) 

proport ional  t o  the product of t h e  number of i n t e r v a l s  i n  each coordinate  

d i rec t ion .  

s i z e  of t h e  band matrix. 

t o  be  roughly propor t iona l  t o  t h e  square of t h e  number of nodes. For a 

problem with a given number of nodes, t h e  running t i m e  i s  almost d i r e c t l y  

propor t iona l  t o  the  t o t a l  number of i t e r a t i o n s  requi red ,  which i n  tu rn  

would be d i r e c t l y  propor t iona l  t o  t h e  number of load s t eps  i f  a l l  load 

s t e p s  required the  same number of i t e r a t i o n s .  

of the running t i m e  may be obtained from the formula 

The running t i m e  per  i t e r a t i o n  is  roughly propor t iona l  t o  t h e  

Thus w e  can expect t h e  running t i m e  per  i t e r a t i o n  

Thus a very crude estimate 

2 T = SIN 

where 

T = running t i m e  

I = t o t a l  number of i t e r a t i o n s  

= MAXST * (average number of i t e r a t i o n s  pe r  load s t ep )  

N = no. of nodes 

S is a quant i ty  which is  roughly constant f o r  a given computer 

and must be determined through experience i n  running the  program. 

Perhaps a few examples w i l l  g ive a rough idea  of t h e  running time a t  least 

f o r  t he  CDC 6500 computing system. 

systems w i l l  have t o  be determined by experience. 

The running t i m e  f o r  o the r  computing 

Run 

1 
2 

3 

4 

5 

6 

7 

8 

- 
No. of 
Nodes 

21 

21 

21 

45 

45 

75 

75 

75 

No.  of 
Load Steps 

10 

12 

10 

10 

5 

4 

20 

20 

Tota l  
No. of 

I t e r a t i o n s  

13 

15 

1 2  

36 

15 

4 
20 

20 

Running 
Time 

(sec.)  

15.5 

20.3 

19.8 

136.0 

60.0 

32,05 

126.9 

145 , l  

s*103 

2.7 

3.07 

3.74 

1.87 

1.98 

1.42 

1.13 

1.29 

Comments 

(with restart) 

c y l i n d r i c a l  
coords 

2706 l i n e s  of 
output  

6396 l i n e s  of 
output 
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5.7.2 Execution Time  (continued) 

It is obvious from t h e  t a b l e  on t h e  preceding 

T = SIN 

same f o r  a l l  cases. 

page t h a t  t h e  formula 

is only a rough formula s ince  the  value of S = - 
I N 2  

is no t  t he  2 

5.8 Error  Messages 

This s ec t ion  cons i s t s  of a l i s t  of a l l  e r r o r  messages which may be 

pr in ted  out  d i r e c t l y  by the  BLADER program. 

messages are l i s t e d  a lphabet ica l ly ,  and f o r  each message the  name of t h e  

subroutine which p r i n t s  t he  message is  spec i f ied .  

t i o n  of t he  meaning of t h e  message and suggested remedial procedures are 

presented f o r  each message. 

For convenience, t he  e r r o r  

Also, a b r i e f  explana- 

Lower case letters are used t o  ind ica t e  numerical o r  a lphabet ic  

va r i ab le s  i n  t h e  message, and upper case letters are used t o  i n d i c a t e  

the  f ixed  por t ion  of each message. 

1. ***** A PLANE STRAIN CASE MAY N@T F$LL@W AN AXISYMMETRIC CASE. 

Subroutine: DIMCHK 

Explanation: Because t h e  values of c e r t a i n  c o e f f i c i e n t s  are 

b u i l t  i n t o  the  program by means of DATA statements f o r  t h e  

rectangular  coordinates opt ion but  are ca lcu la ted  f o r  t h e  

c y l i n d r i c a l  coordinates opt ion,  a plane s t r a i n  problem may 

not  b e  stacked behind an axisymmetric problem. 

2.1.6) 

Remedy: Reorder t he  cases placing a l l  problems involving 

rec tangular  coordinates i n  f r o n t  of a l l  problems involving 

c y l i n d r i c a l  coordinates.  

(see s e c t i o n  

2. ERR@R IDIMEN(i) = m IS LESS THAN @LD VALUE = n 

Subroutine: GINPTJT 

Explanation: Because of t h e  Dynamic Storage f ea tu re ,  t h e  problem 

dimensions may not  be  reduced on a Restart run, The values  m and 

n are t h e  new and old values  of t h e  quant i ty  IDIMEN(i) where 

IDIMEN(2) = NUMEL, IDIMEN(3) E NUMNP, etc... See t h e  desc r ip t ion  

of t h e  labeled C@KM@N block IDIMEN i n  s e c t i o n  6.3 of t h i s  r epor t  
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5 e 8 Error  Messages (continued) 

2. (continued) 

f o r  the  s ign i f i cance  of IDIMEN(i) f o r  any s p e c i f i c  va lue  of i. 

Remedy: Compare the  new values  and the  o ld  values  of t h e  problem 

dimensions and r e s t r u c t u r e  the  problem t o  avoid reducing the  

problem dimensions 

3. ERRgR I N  PRdBLEM DIMENSIONS 

Subroutine : DIMCHK 

Explanation: 

dimensions. 

program checks f o r :  

A n  obvious e r r o r  has been detected i n  the  problem 

The following is a l i s t  of poss ib le  e r r o r s  which the  

a - < 0 where a may be  any of t he  following: 

NUMCI?, NUMBC, NMA'I!, MAXBW, MAXST. 
N I D  < 0. 

NDP < 0. 

NUMCP NUMNP. 

NLOAD # 0 and N I D  # 0. 

NLOAD = 0 and N I D  = 0. 

RECCYL = 0 and NLOAD < 0. 

NNDLIM < 0 o r  NNRLIM > NUMNP. 

BLANAL # 0 and NLAYER - < 0. 

BLANAL f 0 and NXINT - < 0. 

BLANAL # 0 and NCYCF > 20. 

BLANAL # 0 and RFINAL - < 0. 

NUMEL, NUMNP, 

Remedy: Check t h e  input  problem dimensions very carefu l ly .  Also, 

i n  t h e  case of a bladder ana lys i s  (BLANAL f 0) check t h e  calculated 

problem dimensions and the  input  parameter RFINAL, I n  p a r t i c u l a r  

check the  p r in tou t  of the  general  input  data .  

may be present  s o  check very carefu l ly .  Correct the  offending 

q u a n t i t i e s  and resubmit t h e  run. 

More than one e r r o r  
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5.8 Error  Messages (continued) 

4 .  ERRgR -).. VPRFLG FRgM RESTART TAPE = valuea PRgGRAM ALREADY 

SET VPRFLG = valueb 

Subroutine: RRST23 

Explanation: 

and new (valueb) values  of VPRFLG, t h e  v a r i a b l e  pressure f l a g ,  

where 

There is an' inconsistency between t h e  o ld  (valuea) 

1 i f  NLCbAI) > 0 and i f  n e i t h e r  NDP nor  PRESS 

i s  spec i f i ed ,  VPRFLG = 
0 otherwise. 

Most l i k e l y  one o r  more of the  input  q u a n t i t i e s  NLgAD, NDP, and 

PFESS w a s  changed inco r rec t ly  on a restart run. 

Remedy: 

NL!$AD, NDP, and PRESS. 

then they may not  be  set t o  zero on a restart. Similar ly ,  i f  NDP 

and PRESS w e r e  zero or  unspecified on t h e  o r i g i n a l  run,  then they 

should be l e f t  unspecified on a restart run. 

o r i g i n a l l y  zero o r  negat ive,  then it must be zero o r  negat ive on 

a restart run s i n c e  t h e  method of loading may n o t  be changed on 

a restart run. 

Check t h e  o ld  and new values  of t h e  input  quan t i t i e s  

I f  NDP and PRESS were o r ig ina l ly  non-zero, 

Also i f  NLgAD w a s  

5. ERRdR ... m SIDES LgADED FOR ELEMENT n 

Subroutine: SETUP 

Explanation: 

loaded for element n e  Since t h e  elements are t r i angu la r ,  no 

The user  has  attempted t o  spec i fy  m (> 3) s i d e s  

more than 3 s i d e s  of any element may be loaded. Also, no s i d e  

of an element may be  loaded with more than one load. 

Remedy: Modify t h e  pressure loading spec i f i ca t ions  (input a r rays  

LgADE and LdADS) 
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5.8 Error Messages (continued) 

6 .  ILLEGAL VALUE SPECIFIED FCdR VARIABLE varnam WITH 

SUBSCRIPT(S) m, n 

Subroutine: SETUP 

Explanation: 

a r r a y  indicated by t h e  symbol varnam. 

the  poss ib le  e r ro r s  

The program has detected an obvious e r r o r  i n  the  

The following t a b l e  lists 

varnam Subscr ipt  (s) Description of Possible  Errors  

DELTAP DELTAP(~, 1 )  or  
DELTAP(2, 1)= 0. 

1 

MATEL m MATEL(m) 0 or  MATEL(m) > NMAT. 

C ~ R N E R  1, n CgRNER(1, n) < 0 o r  
CgRNER(1, n) FNUMNP. 

NP m, n NP(m, n) 5 0 o r  
W(m, n) > NUMNP. 

IBCC~ND 1, n IBCCdND(1, n) < 0 o r  
I B C o ( 1 ,  n) 7 m. 

DLIM 1, n DLIM(1,  n) - < 0 or  
DLIM(1, n) > NUMNP or  
DLIM(2, n) < 0 or  
DLIM(2, n) 2. 

L0ADE 

L0ADS 

DISPL 

m LCdADE(m) < 0 o r  
LOADE(m) NUMEL. 

m jLoADs(m) 1 > 3 
1, n DISPL(1, n) < 0 o r  

DISPL(1, n) 7 NUMNP o r  
DISPL(2, n) - < 0 o r  
DISPL(2, n) > 2. 

Remedy: Correct t h e  offending values i n  t h e  indicated array.  

7. INPUT ERROR. CYCM(m) = value,  BUT N0 VALUE WAS INPUT FOR CYCZ(m). 

Subroutine: MSHGEN 

Explanation: The a r rays  CYCM and CYCZ are i n  one-to-one corres- 

pondence. Thus, i f  a value is entered f o r  CYCMCm), then a value 

must be  entered f o r  CYCZ(m). 

Remedy: Delete the  en t ry  f o r  CYCM(m) or  en te r  a value f o r  CYCZ(m). 
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5.8 Error Messages (continued) 

8. LENGTH OF DYNAMIC STORAGE m (DECTMAL) nnnnnn (@CTAL) 

EXCEEDS MAXIMUM BUCKET SIZE.  

MAXBKT =: k. 

Subroutine: BLADER 

Explanation: 

Dynamic Storage a r r ay  as decimal and o c t a l  i n t e g e r s  respec t ive ly .  

The va lue  m exceeds t h e  maximum allowable va lue  as ind ica ted  by 

t h e  parameter MAXBKT. 

Remedy: Increase  t h e  value of MAXBKT through t h e  N a m e l i s t  input  

or decrease t h e  problem dimensions so  t h a t  m - < MAXBKT. 

s e c t i o n  5.6 f o r  a d iscuss ion  of t h e  s i z e  of t h e  Dynamic Storage 

a r ray .  

The values  m and nnnnnn spec i fy  t h e  length  of t h e  

S e e  

9. MAX BAND WIDTH @F n EXCEEDED. 

Subroutine: SETUP 

Explanation: The in t ege r  n i s  t h e  va lue  of t h e  parameter MAXBW 

and is less than t h e  ca lcu la ted  band width of t h e  band matr ix  A. 

Remedy: Increase  MAXBW s o  t h a t  i t  is  a t  least as l a r g e  as t h e  

ca lcu la ted  band width,  o r  r e s t r u c t u r e  t h e  problem t o  reduce the  

band width of matr ix  A. 

10. NEGATIVE @R ZER@ AREA, ELEMENT = n 

Subroutine: SETUP 

Explanation: The area of element n ca lcu la ted  by t h e  r e l a t i o n  

coordinates  of po in ts  1, 2 and 3 ( i . e .  t h e  corner po in ts )  of 

element n. I f  RECCYL = 0, then rec tangular  coordinates  (x ,  y) 

are used, bu t  i f  RECCYL # 0, then c y l i n d r i c a l  coordinates  (r, z )  

are used. 

Remedy: Renumber t h e  nodes, change the  poin t  coordinates ,  o r  

r e s t r u c t u r e  t h e  problem t o  avoid negat ive areas. 
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5.8 Error Messages (continued) 

11. SgLUTIgN FAILED T@ CgNVERGE. 

Subroutine: BLADER 

Explanation: The s o l u t i o n  of t h e  problem (more s p e c i f i c a l l y ,  t h e  

norm of t h e  r e s i d u a l  load vector  DF) f a i l e d  t o  converge wi th in  

ITER i t e r a t i o n s .  

Remedy: 

of DF and t h e  DF/F norm r a t i o .  I f  t h e  sequence appears t o  be 

converging s a t i s f a c t o r i l y ,  then perhaps merely increasing t h e  

va lue  of t h e  parameter ITER w i l l  allow t h e  problem t o  converge 

Examine t h e  sequence of values  pr in ted  out f o r  t h e  norm 

wi th in  a few more i t e r a t i o n s .  Also, increasing t h e  value of 

t h e  convergence c r i t e r i o n  CgNVER may permit t h e  problem t o  converge 

and thus continue (but with reduced accuracy). I f  t he  DF norm 

and the  DF/F norm r a t i o  are not converging, then i t  w i l l  be 

necessary t o  change some of t h e  problem parameters (such as YP, 

EM, e t c .  o r  t h e  pressure  loading parameters PRESS, MAXST, e t c . )  

i n  order t o  g e t  t h e  problem t o  converge. 
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6 e 0 PROGRAM DESCRIPTION 

6 . 1  Introduct ion 

6 . 2  Dynamic Storage Array 

6 . 2 - 1  In t roduct ion  

6 . 2 . 2  Dynamic Storage Array Poin ters  

6 . 2 . 3  

6 . 2 . 4  

Summary L i s t  of Dynamic Storage Arrays 

Description of Arrays Stored i n  the  Dynamic 

Storage Array 

6 . 3  Labeled Common Blocks 

6 . 4  Overall Flowchart 

6 . 5  Summary L i s t  of Subroutines 

6 . 6  Restart Feature 

6 . 6 . 1  Problem Dimensions and Other General Input 

Quant i t ies  

6 . 6 . 2  Computed Constants and Input Arrays 

6 . 6 . 3  Load Step Dependent Quant i t ies  

6 . 6 . 4  I n t e r n a l  and External  F i l e  Names 

6 . 1  Introduct ion 

The contents of s ec t ion  6 of t h i s  r epor t  descr ibes  var ious  

programming aspec ts  of t h e  BLADER program and is intended pr imari ly  f o r  

t he  b e n e f i t  of any programmers who might have t h e  r e s p o n s i b i l i t y  of 

modifying the  program i n  t h e  fu ture .  This s ec t ion  is  no t  as complete as 

we would l i k e ,  but  hopeful ly  i t  descr ibes  t h e  most s i g n i f i c a n t  programming 

aspects of t h e  program and w i l l  prove of va lue  t o  anyone who needs t o  

understand t h e  coding of t he  program. 

6 . 2  Dynamic Storage Array 

6 e 2 1 Introduct ion 

The Dynamic Storage Array (D.S.A. f o r  sho r t )  BUCKET, which i s  a l s o  

referenced by the s h o r t e r  name B f o r  convenience, is a l a r g e  block of 

memory i n  which a l l  of t h e  a r rays  which have 'va r i ab le  dimensions are 

s tored .  Since a l l  of t he  a r rays  i n  t h e  D.S.A. may have v a r i a b l e  
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6.2.1 In t roduct ion  (continued) 

dimensions, t he  o r i g i n  of each ar ray  A relative t o  B is no t  f ixed  but n 
r a t h e r  is dependent upon t h e  dimensions of t h e  a r r ays  A 1) A2’ * * 0 9 An,1 

which precede An i n  t h e  D.S.A. 

a r rays  A A 2 9  A3, 
COMMON block LBUCKT. For example, t h e  o r i g i n  of t he  a r ray  M p  is always 

B( l )  and t h e  o r ig in  of the  a r r ay  LOADE i s  B(R + 1 )  , where RNP is t h e  NP 
t o t a l  dimension of t h e  a r r ay  NP (R = 6* NUMEL). The relative o r i g i n  NP 
RNP + 1 of the  a r r ay  LgADE is  s tored  i n  LLgADE. 

o r i g i n  of the  a r ray  LBADS i s  s tored  i n  LLQADS and i s  equal t o  1 + 
is  the  t o t a l  dimension of t h e  a r r ay  LgADE. ‘NP RL@ADE’ where R 

The o r ig in  of LOADS i s  equivalent  t o  t h e  loca t ion  B(LL@ADE + RLgAnE). 

The o r ig ins  of t h e  var ious ind iv idua l  

% relative t o  B are s to red  i n  t h e  labe led  

S imi la r ly ,  the  r e l a t i v e  

L ~ A D E  

On t h e  CDC 6500 vers ion  of the BLADER program, t h e  Dynamic Storage 

Array B i s  assigned t o  blank COMMON f o r  two important reasons: 

1 )  By being assigned t o  blank COMMON, t h e  a r ray  B may overlay 

the  por t ion  of memory which w a s  occupied by the  loader  

during the  f i n a l  operat ions of t h e  loading process and 

which otherwise would not  be  used during execution. 

The memory a l l o c a t i o n / r e l e a s e  f e a t u r e  (TRW subrout ine 

MRELSE and CDC cont ro l  card RFI,) of t he  CDC software 

may be used t o  increase  o r  decrease t h e  s i z e  of the  

D.S.A. during execution. Thus, a use r  with a l a rge  

problem can obta in  t h e  l a r g e  amount of memory t h a t  i s  

required t o  so lve  h i s  problem (provided of course t h a t  

the  absolu te  upper l i m i t s  of ava i l ab le  memory, e.g. 5 0 K  

or  1 3 1 K ,  o r  whatever, are not  exceeded), whereas t h e  user  

with a s m a l l  problem w i l l  r eques t  (and thus pay f o r )  only 

a r e l a t i v e l y  small amount of memory and w i l l  receive 

b e t t e r  tu rn  around t i m e  as an e x t r a  bonus. 
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6 . 2 . 2  Dynamic Storage Array Pointers  

Unless e x p l i c i t l y  s t a t e d  otherwise,  the  name of t h e  D.S.A. po in t e r  

f o r  each of the  a r rays  described i n  t h e  following sec t ion  i s  obtained 

by placing the  charac te r  L i n  f ron t  of t he  a r ray  name. For example, t he  

D.S.A. po in t e r  f o r  t h e  a r r ay  NP is LNP, and t h e  D.S.A. po in t e r  f o r  the  

a r ray  BETA is  LBETA. The main exceptions are t h e  D.S.A. po in t e r s  f o r  

a r rays  whose names already contain s i x  characters .  I n  order t o  avoid 

having symbolic names with more than s i x  charac te rs ,  one o r  more 

charac te rs  have been de le ted  from the  a r r ay  name i n  order  t o  make room 

f o r  t h e  L p re f ix .  

and the  po in te r  f o r  the  a r r ay  CYCT#F is  LCYCF. 

s tored  i n  t h e  labeled COMMON block LBUCKT. 

Thus, t h e  po in te r  f o r  the  a r r ay  MLAYER i s  LMLAYR, 

A l l  D.S.A. po in t e r s  are 

6 .2 .3  Summary L i s t  of Dynamic Storage Arrays 

I n  t h i s  s e c t i o n  i s  presented an a lphabe t i ca l  l ist  of a l l  a r rays  

which are assigned t o  the  Dynamic Storage Array. For each a r r ay ,  the 

corresponding D.S.A. po in t e r  is given along with t h e  pos i t i on  of t h a t  

a r ray  i n  t h e  following sec t ion ,  which gives  a d e t a i l e d  desc r ip t ion  of 

each ar ray .  

Array D. S .A. Pos i t ion  i n  
Name Poin ter  Sect ion 6.2.4 

A 

BETA 

CORNER 
C#UNT 

CY CM 

CYCT~F 

CY cz 
DELTAF' 

DEPTH 

DF 

DIS 

DISPL 

DLFLAG 

DLIM 

LA 

LBETA 

LA 

LC#UNT 

LCYCM 

LCYCF 

LCYCZ 

LDELTP 

LDEPTH 

LDF 

LDIS 

LDISPL 

LDLFLG 

LDLIM 

48 

7 

46 

1 8  

4 1  
45 

42 

3 7  

44 

19 

21 

39 

31 
30 
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6.2.3 Summary L i s t  of Dynamic S t o r a g e  A r r a y s  (continued) 

A r r a y  
Name 

DPR 

DR 

DSD 

DTST 

DWP 

EEST 

EPST 

ESIG 

EST 

ETST 

EWP 
F 

I A  

IBC#ND 

L#ADE 

L@ADS 

MATEL 

MLAYER 

ND 

NEB C 

NP 

PST 

RES1 

R@RD 

S I G  

THETA 

TPR 

TST 

VEM 

VPR 

VTH 

D.S.A. 
P o i n t e r  

LDPR 

LDR 

LDSD 

LDTST 

LDWP 

LEEST 

LEPST 

LESIG 

LEST 

LETST 

LEWP 

LF 

LDISPL 

LBC#ND 

LL#ADE 

LL#ADS 

LMATEL 

LMLAYR 

LND 

LNEB C 

LNP 

LPST 

LRESI 

LX#RD 

LS I G  

LTHETA 

LTPR 

LTST 

LVEM 

LWR 

LVTH 

P o s i t i o n  in 
S e c t i o n  6.2.4 

50 

20 

29 

27 

1 6  

11 

1 0  

1 2  

26 

9 

1 3  

22 

47 

40 

2 

3 

6 

43 

5 

4 

1 

25 

23 

1 4  

28 

38 

49 

24 

32 

8 

34 
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6.2.3 Summary L i s t  of Dynamic Storage Arrays (continued) 

Array D.S.A. Pos i t i on  i n  
N a m e  Po in te r  Section 6.2.4 

V X I  

vxu 
VYP 

WP 

XQIRD 

Y@RD 
Z6RD 

LVXI 

LVXU 

LVYP 

LWP 

LX@RD 

L Y O  

LY@RD 

35 
33 

36 

17 

14  

15 

15 

6.2.4 Description of Arrays Stored i n  t h e  Dynamic Storage Array 

N a m e  D e s  cr i p  t ion  

1 )  NP - NUMEL *6 a r r a y  i n  which NP(i, j )  s p e c i f i e s  the nodal 

point  index of the  j - t h  po in t  i n  element i. 

However, i n  subroutine SETUP, the  o rde r  of t he  

subsc r ip t s  is reversed so  t h a t  i n  subroutine SETUP only 

NP is  a 6* NUMEL ar ray .  Thus, i n  t h e  N a m e l i s t  input  d a t a  

NP(j , i) s p e c i f i e s  t he  nodal po in t  index of t he  j - t h  

point  i n  element i. 

subsc r ip t s  i n  subroutine SETUP w a s  done i n  o rde r  t o  

permit t h e  implementation of t he  N a m e l i s t  input  f e a t u r e  

and the  Dynamic Storage f e a t u r e  without r equ i r ing  an 

excessive amount of recoding. 

of t he  BLADER program, a r r ays  such as NP were given f ixed 

maximum dimensions such as 40*6. Unfortunately,  t h e  

dimension t h a t  l imited t h e  s i z e  of t he  problem (e.g. t h e  

maximum number of elements) w a s  chosen t o  be t h e  first 

dimension. This choice of the  order  of t h e  dimensions 

w a s  perhaps s l i g h t l y  inconvenient, bu t  no t  c r i t i c a l  as 

f a r  as t h e  implementation of t h e  Dynamic Storage f e a t u r e  

w a s  concerned. But when, f o r  g r e a t e r  convenience i n  

specifying the  inpu t  d a t a ,  t he  N a m e l i s t  input f e a t u r e  

w a s  implemented, i t  w a s  discovered t h a t  t he  Namelist 

This reversal of t h e  order of t he  

I n  t h e  o r i g i n a l  vers ion 
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- Name (continued) Descr ipt ion (continued) 

f e a t u r e  would not  permit v a r i a b l e  dimensions. Thuss i n  

order  t o  "fool" the  Fortran compiler, t h e  order of t h e  

dimensions of t he  NP were reversed i n  subrout ine SETUP. 

Because of t h e  way a compiler works, t h e  l as t  dimension 

of an a r ray  passed through a c a l l i n g  sequence is a 

dummy dimension which serves only t o  i d e n t i f y  the  a r r ay  

as an n-dimensional array.  Thus, i n  SETUP t h e  a r ray  NP 

w a s  dimensioned 6*1000. J u s t  before  e x i t i n g  from SETUP, 

t h e  program uses  t h e  temporary a r r ay  IA t o  take the  

transpose of t he  a r ray  NP. 

Consider the  following diagram i n  which n n2 and 1' 
n3 represent  t he  nodal po in t  ind ices  of the  corner 

n5 and n represent  t h e  po in t s  of element i and n4, 6 
nodal po in t  ind ices  of t h e  midpoints of element 2 .  

Then the  values  n19 n2, 

1-6 of the  i - th  row of t h e  NP a r r ay  (except in subrout ine 

SETUP, where t h e  rows and columns are interchanged).  

n6 are s to red  i n  columns 

Actually any one of t h e  th ree  corner po in ts  may be 

se lec ted  as t h e  s t a r t i n g  poin t  f o r  numbering t h e  nodes 

within t h e  element so  long as t h e  th ree  corner po in t s  

are l i s t e d  f i r s t  in cyc l i c  counter-clockwise order 

followed by the  th ree  midpoints again in c y c l i c  counter 

clockwise order .  The midpoint between t h e  f i r s t  and 

second corner po in ts  must be the  f i r s t  midpoint l i s t e d .  
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I_ Name (continued) Descr ipt ion (continued) 

I f  BLANAL = 0, then t h e  NP ar ray  must be input .  I f  

BLANAL # 0 ( i - e . $  Bladder Analysis Option),  then t h e  

NP a r ray  w i l l  be  ca lcu la ted  i n  t h e  subrout ine SETUP. 

2) L@ADE - Vector with dimension NL@AD (provided t h a t  NL@AD > 0)  i n  

which L@ADE(i) s p e c i f i e s  t h e  element index f o r  t h e  i t h  

loading condition. I f  NL@AD c: 0, then t h e  L@ADE a r r ay  

is  not  used. 
- 

I f  BLANAL = 0 and i f  NL@AD > 0, then t h e  a r ray  L@ADE 

must be input .  I f  BLANAL # 0 ,  then NL@AD is  set 0 s o  

t h a t  L@ADE is not used. 

3)  LBADS - Vector with dimension NL@AD (provided t h a t  NL@AD > 0) i n  

which L@ADS(i) s p e c i f i e s  which s i d e  of t he  element 

spec i f i ed  by L@ADE(i) i s  loaded. 

s i d e  2 

As shown i n  t h e  above diagram, s i d e s  1, 2,  and 3 are 

1’ n2s 1, n2$ and n opposi te  nodes n 

and n are t h e  nodal po in t  ind ices  s to red  i n  columns 1, 

2, and 3 of the  j t h  row of the  NP a r r ay  and where j i s  

s tored  i n  LOADE(i) 

respec t ive ly  where n 3 

3 

The s ign  of L@ADS(i) determines whether t h e  loading i s  

a compression ( + o r  no s ign )  o r  a tens ion  (- s ign) .  For a 

example, i f  L@ADE(5) = 1 2  and L@ADE(5) = 2, then s i d e  2 

of element 12 is  loaded with a compression. I f  LgADE(5) = -2 

i n s t ead ,  then s i d e  2 of element 1 2  is loaded with a tension. 
PRESS if I n  e i t h e r  cases t h e  magnitude of t he  loading is - 
MAXST 

6 -7 



- Name (continued) Descr ipt ion (continued) 

NDP = 0 o r  is determined from the  a r ray  DELTAP i f  NDP # 0. 

I f  NLgAD 0, then the  a r r ay  L@ADS i s  not used. 

I f  BLANAL = 0 and i f  NL@AD > 0,  then t h e  a r ray  LgADS 

I f  BLANAL # 0, then NLgAD is  set - < 0 so must be input .  

t ha t  LgADS i s  not  used. 

4 )  NEBC - Vector with dimension 2* NUMEC + NNDLIM t h a t  s p e c i f i e s  

which degrees of freedom are constrained by the  boundary 

conditions.  P a r t  of t h e  a r ray  NEBC is generated i n  the  

subrout ine SETUP, and i f  NNDLIM > 0, p a r t  of t h e  a r ray  

NEBC may be generated i n  t h e  subrout ine DISMK. 

BLANAL = 0, then the  input  a r ray  IBC(6ND is used t o  set 

up t h a t  por t ion  of the  NEBC a r r ay  which i s  generated by 

the  subrout ine SETUP. I f  BLANAL # 0,  then t h e  nodes 

on t h e  " l e f t "  and possibly the  nodes on the  "right" edge 

are used by subroutine SETUP t o  generate  the  NEBC a r ray .  

If 

Suppose NEBC(i) = 2(n - 1)  + k where k may have the 

value 1 o r  2. Then f o r  convenience w e  denote 

x i f  RECCYL = 0 and k = 1, 

y i f  RECCYL = 0 and k = 2, 

r i f  RECCYL # 0 and k = 1, 

z i f  RECCYL # 0 and k = 2. 

5 =  

Then t h e  value 2(n - 1 )  + k f o r  NEBC(i) states t h a t  t he  i - t h  

boundary condi t ion requi res  node n t o  be constrained from 

motion i n  t h e  d i r e c t i o n  spec i f i ed  by the  coordinate 5 .  

5) ND - Vector with dimension N I D  t h a t  s p e c i f i e s  which degrees of 

freedom are constrained by imposed displacement conditions.  

I f  BLANAL = 0 and N I D  > 0,  then the  ND a r ray  is  obtained 

from the input  a r ray  DISPL. 

zero. S i m i l a r l y ,  i f  N I D  = 0, then NL@AD must be nonzero. 

I f  N I D  > 0 ,  then NL@AD must be 

I f  BLANAL # 0 and RECCYL = 0 (s ingle  fold bladder ana lys i s  

op t ion) ,  then N I D  is set  equal t o  2* NPTSY and ND(1) ND(N1D) 

6 -8 



5) ND - (continued) 

are set t o  2N + 1, 2N + 2,  2* NUMNP, where NPTSY = 2* LAYER 

+ 1 and N = NUMNP - NPTSY. I n  o the r  words, a l l  of t h e  nodes on 

the  rightmost edge of t he  area t o  b e  analyzed w i l l  be subjected 

t o  imposed displacements i n  both t h e  x- and y- d i r e c t i o n s .  

I f  BLANK # 0 and RECCYL # 0 (double f o l d  bladder a n a l y s i s ) ,  

then N I D  w i l l  b e  set t o  zero. 

Suppose N D ( i )  = 2(n - 1) -+ k where k may have the  value 1 o r  

2. Then, using the  symbol 5 as described under NEBC above, t he  

value 2(n - 1) + k f o r  N D ( i )  states t h a t  t h e  n-th node i s  

constrained by an imposed displacement i n  the  E-direction. 

magnitude of t h e  imposed displacement i s  s p e c i f i e d  by DSD(i) . 
The 

6 )  MATEL- Vector with dimension NUMEL (defined only i f  NMAT > 1) i n  which 

MATEL(i) s p e c i f i e s  t he  index of t he  material of which element i 

is  composed. I f  t he re  i s  only one material, then t h e  a r r ay  

MATEL is  n o t  necessary and i s  the re fo re  n o t  defined. 

# 0 and NMAT > 1, then t h e  MATEL a r r ay  i s  generated by subroutine 

SETUP from t h e  input  a r r ay  MLAYER, i f  BLANK = 0 and NMAT > 1, 

then t h e  a r r a y  MATEL must b e  input.  

I f  BLANAL 

7) BETA - NUMEL *6 a r ray  i n  which t h e  v a r i a b l e s  B1, B 2 ,  . . . , B 6  f o r  the  

e l a s t o - p l a s t i c  c o n s t i t u t i v e  law are s tored .  BETA(i, j )  

s p e c i f i e s  B t h e  j t h  v a r i a b l e  for element i. 
j ’  

The a r r ays  BETA, ETST, EPST, EEST, and ESIG are cleared t o  

zero by subrout ine SETUP when t h e  Dynamic Storage Array i s  

cleared and then are updated by subrout ine SETIC each load s t ep .  

8) WR - Vector with dimension NLOAD i n  which VPR(i) s p e c i f i e s  P the  1’ 
t o t a l  loading t o  be applied t o  s i d e  Si = L@ADS(i) of element 

L@ADE(i). 

and i f  NDP and PRESS are no t  spec i f i ed  i n  t h e  Namelist input .  

The WR vec to r  i s  defined and used only i f  NLdAD > 0 

9) ETST - NUMEL * 6 * K a r r ay  (where K = 3 i f  RECCYL = 0 or K = 4 otherwise) 

i n  which t h e  accumulated elemental  t o t a l  s t r a i n s  are s tored .  

ETST(i, j ,  k) s p e c i f i e s  t he  k-th component of s t r a i n  f o r  t h e  

j - t h  po in t  of element i. The s i g n i f i c a n c e  of k is  described by 
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9) ETST - (continued) 

the f olkowing t ab le :  

T , k  
E f o r  E 
T,k 

k RECCYL = 0 RECCYL # 0 

3 
yT,xY 

See desc r ip t ion  of BETA above f o r  addi t ion  d e t a i l s .  

10) EPST - NUMEL * 6 * K a r r ay  (where K = 3 i f  RECCYL = 0 o r  K = 4 
otherwise) i n  which the  accumulated elemental  p l a s t i c  s t r a i n s  

t h e  k-th component P,k' are s tored .  EPST(i, j ,  k) s p e c i f i e s  E 

of s t r a i n  f o r  t he  j - t h  poin t  of element i. The s ign i f i cance  of 

k i s  indica ted  i n  the  t a b l e  under t h e  desc r ip t ion  of ETST above 

( s u b s t i t u t e  E f o r  E i n  each case ) ,  Also, see desc r ip t ion  

of BETA above. 
p ,k T Sk 

11) EEST - NUMEL * 6 * K a r r ay  (where K = 3 i f  RECCPL = 0 o r  K = 4 
otherwise) i n  which t h e  accumulated elemental  elastic s t r a i n s  

are s tored .  EEST(i, j ,  k) s p e c i f i e s  t h e  k-th component of 

s t r a i n  f o r  t h e  j - t h  poin t  of element i. 

k i s  indica ted  i n  the  t a b l e  under t h e  desc r ip t ion  of ETST above 

( s u b s t i t u t e  E f o r  E i n  each case). Also, see desc r ip t ion  

of BETA above. 

The s ign i f i cance  of 

E,k T9k 

12) ESIG - NuplEL * 6 * 5 a r r a y  i n  which t h e  accumulated elemental stresses 

are s tored .  ESIG(i, j, k) contains the  k-th component of  stress 

d f o r  t h e  j - th  po in t  of element i. 

described by t h e  f o l l m i n g  cha r t  : 

The s ign i f i cance  of k is k 
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12)  ESIG - (continued) 

u f o r  k u f o r  k 
k RECCYL = 0 RECCYL # 0 

U r 

Y z 

8 Xy 

r z  

U 
X 

1 

2 

3 

4 

5 0 U 

CJ U 

T CJ 

T CJ z - - 
See desc r ip t ion  of BETA above f o r  a d d i t i o n a l  d e t a i l s .  

13) EWP - NUMEL *6 a r ray  i n  which EWP(i, j )  s p e c i f i e s  t he  accumulated 

p l a s t i c  work f o r  node j of element i. 

-6 The a r r ay  EWP is  i n i t i a l l y  set equal  t o  10 by subrout ine 

SETUP and then is  updated by subrout ine SETIC each load s t e p .  

14) X@RD]- Vector with dimension NUMNP i n  which X@RD(i) s p e c i f i e s  t he  

e-component f o r  nodal po in t  i, where 

x i f  RECCYL = 0, 

r i f  RECCYL # 0. 
E =  

See t h e  desc r ip t ion  of Y@RD below. 

- Vector with dimension NUMNP i n  which Y@RD(i) s p e c i f i e s  the  

5- component f o r  nodal po in t  i, where 

y i f  RECCYL = 0,  

z i f  RECCYL # 0. 
5 =  

The ar rays  X@RD and Y@RD are i n i t i a l i z e d  by subrout ine 

SETUP and then are updated by subrout ine SETIC each load s tep .  

I f  BLANAL = 0 ,  then i n  subrout ine SETUP, X@RD and Y@RD are 

obtained from the  input  a r r ay  C@RNER, I f  BLANAL # 0,  then 

X66RD and YdRD are ca lcu la ted  using t h e  input  a r ray  DEPTH and 

the  va lue  XLNGTH ( the  la t ter  may be input  d i r e c t l y  o r  

ca lcu la ted  from the  a r ray  DEPTH). 
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In  subrout ine FMCALC t h e  a r rays  XORD and Y(&D are re fe r -  

enced by the names RORD and Z@RD respect ively.  

16) DWP - Vector with dimension NUMNP i n  which DWP(i) s p e c i f i e s  t he  

incremental average p l a s t i c  work f o r  nodal po in t  i, 

array DWP is calculated i n  subrout ine SETIC and p r in t ed  i n  

subrout ine PRINT. 

The 

17) WP - Vector with dimension NUMNP i n  which WP(i) s p e c i f i e s  t h e  

accumulated average p l a s t i c  work f o r  nodal po in t  i. The 

ar ray  WP is ca lcu la ted  i n  subrout ine SETIC and pr in ted  i n  

subrout ine PRINT, 

18) COUNT- Vector with dimension NUMNP i n  which C@UNT(i) s p e c i f i e s  t he  

number of elements which contain nodal po in t  i. The array 

COUNT is  ca lcu la ted  and used i n  subrout ine SETIC. 

19) DF - Vector with dimension 2* NUMNP i n  which DF(i) (where 

i = 2(n-1) + k) s p e c i f i e s  t he  incremental  load f o r  t h e  6- 
component of node n where 5 and k are r e l a t e d  as follows: 1 

x i f  RECCYL = 0 and k = 1, 

y i f  RECCYL = 0 and k = 2, 

r i f  RECCYL # 0 and k = 1, 

z i f  RECCYL # 0 and k = 2. 

E =  

The vec tor  DF ac tua l ly  i s  used i n  two d i f f e r e n t  ways i n  

order  t o  save memory space. 

caused some confusion i n  t h e  pas t ,  i t  i s  perhaps worthwhile 

t o  descr ibe  how DF i s  used. 

Since t h i s  double usage has 

F i r s t ,  i n  subroutine STEP2 t h e  a c t u a l  incremental loads 

are ca lcu la ted  and s tored  i n  the  DF vector .  Thus, on t h e  

first i t e r a t i o n  of each load  s t ep ,  t h e  vec tor  DF w i l l  be 

i n i t i a l l y  set equal t o  the  vec tor  RES1 (which w i l l  be  zero i f  

the input  f l a g  IRESI - < 0; i f  IRESI > 0, then RES1 w i l l  contain 

r e s idua l  loads from the previous load s t ep ) .  Next, s t i l l  i n  

STEP2, f o r  each element t h e  subroutines STFNS and G E ~ M  are 

ca l led  t o  ca l cu la t e  the elemental  s t i f f n e s s  matrix ST and the  

incremental load vec tor  CF f o r  the  s i x  points  within t h a t  
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ag) DF - (continued) 

element. Then t h e  elemental  incremental  loads are added t o  

the  system incremental  load vec tor  DF. N e x t ,  t he  DF vec tor  

may be modified by the  considerat ion of imposed displacement 

cons t ra in ts .  The vector  DF and t h e  system s t i f f n e s s  matrix 

A are used t o  ca l cu la t e  t h e  incremental  displacement vec tor  

DR using the  matrix equation 

[AI [DR] = [DFI. 

F ina l ly  (again only on the  f i r s t  i t e r a t i o n  f o r  each load 

s t e p ) ,  t h e  incremental  load ve'ctor DF is added t o  t h e  

accumulated load vec tor  F. 

"he second usage of t h e  vec tor  DF is  by subrout ine RESID, 

which ca l cu la t e s  t h e  r e s idua l  nodal fo rces  t o  f ind  out  how 

much the  s t r u c t u r e  is  out  of equilibrium. Thus the  DF vector  

is again cleared t o  zero. The r e s i d u a l  forces  f o r  each element 

are ca lcu la ted  using the  t o t a l  elemental  stresses ESIG and 

are s tored  i n  t h e  vector CF. The r e s i d u a l  load vec tor  DF f o r  

t h e  e n t i r e  s t r u c t u r e  i s  formed by superimposing t h e  vec tors  

CF over a l l  of t h e  elements. Next, t he  DF vec tor  i s  modified 

t o  account f o r  t he  boundary conditions and perhaps f o r  t he  

imposed displacement cons t ra in ts .  

t he  accumulated load vec tor  F is  added t o  DF. 

then f o r  each degree of freedom n spec i f i ed  i n  the  boundary 

condi t ions,  DF(n) is set t o  zero.  

is  t o  reduce t h e  modulus of t h e  DF vec tor  below an acceptable  

l i m i t  e 

Fina l ly ,  unless  NL@AD < 0 ,  

I f  NL@AD < 0,  

The purpose of t he  i t e r a t i o n  

I f  IRES1 > 0, then the  r e s i d u a l  load  vec tor  DF calculated 

by subrout ine RESID is s tored  i n t o  the  vec tor  RES1 by sub- 

rout ine  PRINT. 

20) DR - Vector with dimension 2* MUMNP i n  which DR(i) s p e c i f i e s  t he  

incremental displacement of t he  E-component of node n (where 

i, 5, and n are defined as f o r  DF described above). The vec tor  . 
6-13 



20) DR - (continued) 

DR is ca lcu la ted  i n  subrout ine STEP2 and then added t o  the  

vec tor  DIS i n  Subroutine SETIC. 

21) DIS - Vector with dimension 2* NUMNP i n  which DISCI) s p e c i f i e s  t h e  

accumulated displacement of <-component of node n (where i, 5 ,  
and n are def ined as f o r  DF described above). 

The a r ray  DIS is  i n i t i a l l y  c leared  t o  zero by subrout ine 

SETUP when t h e  D.S.A.  is  c leared  and then is  updated by 

subrout ine SETIC each load s t e p  by being increased by t h e  

vec tor  DR. 

rou t ine  DISCHK i f  NNDLIM > 0. 

The a r r ay  DIS may a l s o  be modified by t h e  sub- 

2 2 )  F - Vector with dimension 2* NUMNP i n  which F(i)  s p e c i f i e s  t he  

accumulated load f o r  the  E-component of node n (where i, 5 ,  
and n are defined as f o r  DF described above). See descr ip-  

t i o n  of DF above. 

2 3 )  RES1 - Vector with dimension 2* NUMNP i n  which RESI(i) s p e c i f i e s  t h e  

r e s idua l  load f o r  the  <-component of node n (where i, <, and 

n are def ined as f o r  DF described above). 

of DF above. 

See desc r ip t ion  

2 4 )  TST - NUMNP * K a r r ay  (where K = 3 i f  RECCYL = 0 o r  K = 4 otherwise) 

i n  which TST( i ,  k) s p e c i f i e s  the  accumulated t o t a l  average 

nodal s t r a i n  E fo r  t he  i - t h  nodal po in t .  See t h e  descr ip-  

t i o n  of ETST f o r  t he  s ign i f i cance  of k. 

ca lcu la ted  i n  subrout ine SETIC and i s  pr in ted  i n  subrout ine 

PRINT e 

Tlk 
The TST a r r ay  is 

25) PST - NUMNP * K a r r ay  (where K = 3 i f  RECCYL = 0 o r  K = 4 otherwise) 

i n  which PST(i, k) s p e c i f i e s  t h e  accumulated p las t ic  average 

nodal s t r a i n  E f o r  t he  i - t h  nodal po in t .  See t h e  descr ip-  

t i o n  of ETST f o r  the  s ign i f i cance  of k. 

calculated i n  subrout ine SETIC and is  pr in ted  i n  subrout ine 

PRINT e 

P,k 
The PST a r r ay  is  
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N a m e  (continued) Descr ipt ion (continued) 

2 6 )  EST - J!NMNP * K ar ray  (where K = 3 i f  RECCYL = 0 or  K = 4 otherwise) 

i n  which EST(i, k) s p e c i f i e s  t h e  accumulated elastic average 

nodal s t r a i n  E f o r  t h e  i - t h  nodal point .  

t i o n  of ETST f o r  the s ign i f i cance  of k. The EST a r ray  is  

ca lcu la ted  i n  subrout ine SETIC and is  pr in ted  i n  subrout ine 

PRINT e 

See the  descr ip-  
E ,k 

27) DTST - I'JUMNP * K ar ray  (where K = 4 i f  RECCYL = 0 o r  K = 5 otherwise) 

i n  which DTST(i, k) s p e c i f i e s  t h e  incremental  t o t a l  nodal 

s t r a i n  E f o r  t he  i - th  nodal po in t .  The s ign i f i cance  of k 

i s  described by the  following tab le :  
T ,k 

E f o r  
T,k 

E f o r  
TYk 

k RECCYL = 0 RECCYL # 0 

E E 
T , r  

T, 

T, 

'T,rz 

1 

2 E 

3 

4 r o t  a t i o n  

T,x 

T,Y 
E 

E 
k X Y  

5 -- r o t  at  ion  

The DTST ar ray  i s  ca lcu la ted  by subrout ine SETIC using the  

l o c a l l y  defined ar rays  DETST and R@T. 

28)  S I G  - NUMNP * 5 a r r ay  i n  which SIG(i,  k) s p e c i f i e s  the  accumulated 

average stress u f o r  the  i - t h  nodal po in t .  The s ign i f i cance  

of k is descr ibed under ESIG. 
k 

29) DSD - Vector of dimension N I D  whose elements are i n  a one-to-one 

DSD(i) correspondence with t h e  elements of t h e  vec tor  ND. 
s p e c i f i e s  t he  magnitude ( including s ign)  of t h e  i t h  imposed 

displacement. 

is  obtained from the  input  a r r ay  DISPL. 

RECCYL = 0 ( s ing le  fo ld  opt ion) ,  then DSD(l),. .e9 DSD(NID) are 

ca lcu la ted  i n  subrout ine STEP2 using the  q u a n t i t i e s  XLNGTH, 

RSF@LD, BLTHNS, etc. 

I f  BLMAL = 0 and N I D  > 0, then t h e  DSD ar ray  

I f  BLANAL # 0 and 
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Name (continued) Description (continued) 

30) DLIM - 3* NNDLIM a r r ay  i n  which DLIM(i, j )  s p e c i f i e s  the  following 

information def ining the  j - t h  l i m i t i n g  nodal displacement 

condition : 

- i Description of DLIM(i, j )  

1 

2 

3 

Nodal po in t  index; ' 

Component code : 

f o r  x 

f o r  r 
i f  RECCYL = 0, 

i f  RECCYL # 0. 
= 11 

f o r  y i f  RECCYL = 0 ,  

f o r  z i f  RECCYL # 0; 
= 2 1  

Magnitude ( including s ign)  of the  

l i m i t i n g  displacement. 

The a r ray  DLIM i s  used by subrout ine DISCHK ( i f  NNDLIM > 0) t o  

check f o r  l i m i t i n g  nodal displacements. 

input  i f  NNDLIM > 0. 

The a r ray  DLIM is  

31) DLFLAG - Vector of dimension NNDLIM t h a t  s p e c i f i e s  which, i f  any, 

nodes have reached t h e i r  l i m i t i n g  displacements. Suppose 

DLIM(1,  i )  contains the node index n. I f  DLFLAG(i) = 0 ,  

then node n has  no t  ye t  reached i t s  l i m i t i n g  displacement. 

I f  DLFLAG(i) # 0 ,  then node n has reached i t s  l i m i t i n g  d is -  

placement. I f  NNDLIM > 0, then the vec tor  DLFLAG is  i n i t i a l l y  

cleared t o  zero by subrout ine SETUP when the  D.S.A. i s  cleared 

and t h e  appropr ia te  elements of DLFLAG a r e  set t o  1.0 by 

subrout ine DISCHK as the  corresponding l imi t ing  displacement 
z 

is  reached. 

The D.S.A. poin te r  of DLFLAG i s  LDLFLG. 

32) VEM - Vector with dimension NMAT i n  which VEM(i) s p e c i f i e s  Ei, t he  

e l a s t i c  modulus of the i - t h  material. VEM must be input .  

33) VXU - Vector with dimension NMAT i n  which VXIJ(i) s p e c i f i e s  vi, 

Poisson9s r a t i o  f o r  the i - t h  material. VXU must be input ,  
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- N a m e  (continued) Description (continued) 

3 4 )  VTH - 

35) VXI - 

36) VYP - 

37) DELTAP 

Vector with dimension NMllT i n  which VTH(i) s p e c i f i e s  t he  

i n i t i a l  thickness  of the i - th  material. 

I f  BLANAL # 0, t h e  VTH a r r ay  is  set t o  ind ica t e  un i t  thickness.  

VTH must be input .  

E P i  
= -$ Vector with dimension NMAT i n  which VXI(i) s p e c i f i e s  x i E .  

1 t h e  p l a s t i c / e l a s t i c  modulus r a t i o  f o r  t h e  i t h  - material. 

V X I  must be input.  

Vector with dimension NMAT i n  which VYP s p e c i f i e s  Y , the  

i n i t i a l  y i e l d  poin t  f o r  t h e  i - th  material. VYP must be input .  
i 

- 2* NDP a r ray  i n  which DELTAP(1, i) s p e c i f i e s  ni, t h e  load 

s t e p  index up t o  (and including) which the  load increment AP 

is  t o  be used. That is, i f  i = 1, then the  load increment 

1' AP is  used from t h e  i n i t i a l  condi t ions up t o  load s t e p  n 

i f  i >1, then the load increment AP. i s  t o  be used f o r  each 

load s t e p  n where n < n < n. .  The load increment AP, is  

spec i f ied  i n  DELTAP(2, i ) .  I f  NDP > 0 ,  then the  a r r ay  DELTAP 

must be input .  I f  NDP = 0 (or i s  not  en tered) ,  then the  a r ray  

DELTAP must no t  be input.  

i 

1 

1 

1 1 - i-1 

The D.S.A. poin te r  for DELTAP is LDELTP. 

38) THETA - NTJMEL * 3 a r r a y  i n  which THETA(n, i )  s p e c i f i e s  

2+ 1 
AP 

where n is the  element index; i is  the  poin t  index within 

element n ( i = l ,  2, o r  3); j = INL$AD( (where M L o  < 0);  and 

P i s  t h e  load s t e p  size.  I f  NLOAD < 0, then the a r ray  i s  

ca lcu la ted  i n  subroutine GE$M and is a l s o  used i n  subrout ine 

SETIC. 

39) DISPL - 3 * N I D  a r r ay  which is  used, i f  N I D  > 0 and i f  BLANAL = 0,  

t o  spec i fy  t h e  imposed displacement cons t r a in t s  through the  

Namelist input  data .  
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39) DISPL - (continued) 

a )  DISPL(1, i )  s p e c i f i e s  t h e  node f o r  which t h e  i - th  

cons t r a in t  is  t o  be imposed; 

b)  DISPL(2, i) s p e c i f i e s  t h e  component code f o r  t he  i - th  

cons t r a in t  : 

f o r  x i f  RECCYL = 0 

f o r  r i f  RECCYL # 0 

f o r  y 

f o r  z 

i f  RECCYL = 0 ,  

i f  RECCYL # 0; 
= 2  j 

c) DISPL(3, i )  s p e c i f i e s  t h e  magnitude (including s ign )  of 

the  i - t h  imposed displacement. 

The information spec i f i ed  i n  DISPL(1, i )  and DISPL(2, i) 

f o r  each i is used t o  generate  an en t ry  i n  the  ND a r ray .  

value spec i f i ed  i n  DISPL(3,i) is  divided by MAXST, t he  t o t a l  

number of load s t e p s  and t h e  quot ien t  is  s tored  i n  the  DSD 

array.  After t h e  N a m e l i s t  input  d a t a  i s  processed by sub- 

rou t ine  SETUP, t h e  memory space assigned t o  the  a r ray  DISPL 

is  no longer needed and hence is re leased  by redef in ing  the  

value i n  the  D.S.A. po in t e r  LA. 

The 

I f  N I D  = 0 or i f  BLANAL # 0, then t h e  a r ray  DISPL i s  not 

used. 

40) IBCgND - 2* NUMBC a r r ay  which i s  used, provided t h a t  BLANAL = 0 ,  t o  

spec i fy  the  boundary condi t ions through t h e  Namelist input  

data .  

IBCdND(1,  i )  s p e c i f i e s  n ,  t h e  nodal index of t h e  i - th  

node t o  be constrained, and IBCgND(2,  i )  s p e c i f i e s  C, t he  

corresponding cons t r a in t  code, where 
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40) IBC$ND - (continued) 

i f  node n is t o  be constrained i n  the x- 

d i rec t ion  only,  

i f  node n is  t o  be constrained i n  the  y- 

d i r ec t ion  only,  

i f  node n i s  t o  be constrained i n  both the 

x- and the  y-direct ions.  

The information spec i f i ed  i n  the  IBCCdND a r r ay  i s  used t o  

generate  the  NEBC vector .  

After t h e  NEBC a r r ay  is  used, t h e  IBC$ND a r ray  is  no 

longer needed, and thus t h e  memory space assigned f o r  the  

a r r ay  IBCaND is  released t o  be used f o r  o ther  purposes. 

If BLANAL # 0, then t h e  NEBC a r ray  w i l l  be  generated 

i n  a d i f f e r e n t  manner. Therefore no memory space is  

reserved f o r  t h e  I B a N D  array and the  u s e r  must no t  attempt 

t o  spec i fy  any e n t r i e s  f o r  IBCgND i n  t h e  Namelist input .  

The D.S.A. poin te r  f o r  t h e  a r r ay  IBCaND is  LBCaND. 

41) CYCM - Vector with dimension NMAT i n  which CYCM(i) s p e c i f i e s  Mi) a 

c o e f f i c i e n t  used t o  c a l c u l a t e  the  f a t i g u e  l i f e  of element 

l aye r s  which are composed of t h e  i - t h  material. The a r rays  

CYCM and CYCZ are ca l cu la t ed  i n  subrout ine  SETUP and are 

used i n  subrout ine PRINT only i f  BLANAL and FLIFE are both 

non-zero. 

M. and Z .  (see CYCZ below) are c o e f f i c i e n t s  f o r  a least 
1 1 

squares f i t  t o  t he  r e l a t i o n  

Z 
E = M N  

f o r  t h e  i - th  material. Thus, i f  (E ) is t h e  max imum 

p l a s t i c  s t r a i n  f o r  layer  j and i f  l aye r  j cons i s t s  of material 

i, then the  f a t igue  l i f e  N (i.e. number of cycles  t o  f a i l u r e )  

of l a y e r  j is ca lcu la ted  from t h e  r e l a t i o n  

m a x  i 

j 
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41) CYCM - (continued) 

42) CYCZ - Vector with dimension NMAT i n  which CYCZ(i) s p e c i f i e s  Zi9 a 

coe f f i c i en t  used along with M s tored  i n  CYCM(i) t o  ca l cu la t e  

t he  f a t i g u e  l i f e  of element l aye r s  which are composed of 

the  i - t h  material. 

f u r t h e r  d e t a i l s .  

i 

See t h e  desc r ip t ion  of CYCM above f o r  

43) MLAYER - Vector with dimension NLAYER i p  which MLAYER(i) s p e c i f i e s ,  

i f  BLANAL # 0 and i f  W T  > 1, t h e  material index f o r  the  

i - th  element layer .  I f  BLANa = 0,  t h e  a r ray  MLAYER i s  not 

defined. 

MLAYER s i n c e  a l l  elements are composed of t h e  same material. 

I f  NMAT = 1, then i t  i s  not  necessary t o  spec i fy  

The D.S.A. poin te r  f o r  MLAYER is LMLAYR. 

44) DEPTH - Vector with dimension NLAYER i n  which DEPTH(i) s p e c i f i e s  

the i n i t i a l  "depth" of each element l a y e r  provided t h a t  

BLANAL # 0. 

un i t  "thickness" i n t o  the  plane of t he  cross-section as 

indicated by the  following example: 

I n  t h i s  case t h e  a r ray  VTH is  set  t o  ind ica t e  

Y 

X 

Depth (1) 

z 

VTH(1) = VTH(2) = 1.0 
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44) DEPTH - (continued) 

I f  BLANAL = 0 ,  then the  a r r ay  DEPTH i s  not  defined. 

45) CYCTQ)F - 40* NMAT a r r ay  i n  which a t a b l e  of N(E) may be  entered fo r  

N(E) each material provided t h a t  BLANAT., # 0 and FLIFE # 0. 

is the  number of cycles  t o  f a i l u r e  as a funct ion of t h e  

p las t ic  s t r a i n  E. 

I n  t h e  CYCTGF ar ray ,  CYCTgF(2i-I, j )  and CYCT$F(2i, j )  

t h e  i t h  va lue  of 
i , j ’  

respec t ive ly  spec i fy  E and N 

p l a s t i c  s t r a i n  and the  corresponding number of cycles  t o  

f a i l u r e  f o r  t h e  j - th  material. 

i , j  

The index i m a y  range from 

1 t o  20. Zero e n t r i e s  f o r  e i t h e r  E o r  N w i l l  cause 
i , j  i , j  

the  p a i r  t o  be  ignored. 

I f  BLANAL # 0 and FLIFE # 0 ,  then the  a r r ay  CYCTdF is  

used by subrout ine SETUP t o  c a l c u l a t e  t h e  vec tors  CYCM and 

CYCZ. After  CYCM and CYCZ are ca lcu la ted ,  the  a r r ay  CYCTQIF 

is  no longer needed and the re fo re  t h e  memory space f o r  

CYCTQIF is  re leased  f o r  t he  s to rage  of o ther  a r rays .  

The D.S.A. po in t e r  f o r  CYCTOF is  LCYCF. 

46)  C@RNER - 351 NUMCP a r r ay  i n  which t h e  coordinates  of the  corner  po in t s  

are spec i f i ed  i f  BLANAL = 0. 

C$RNER is not  defined. 

If  BLANAT., # 0 ,  then the  a r r ay  

CeRNER(1, i )  s p e c i f i e s  the  node index n. CgRNER(2, i )  

s p e c i f i e s  x i f  RECCYL = 0 o r  r 
s p e c i f i e s  y 

i f  RECCYL # 0,  and CORNER(3, i )  n n 

n i f  RECCYL = 0 o r  zn i f  RECCYL # 0. 

The a r r ay  C@NER i s  used by subrout ine SETUP t o  generate  

n the  a r r ays  X6RD and Y@RD. 

(or z ) are s to red  i n  X$RD(n) and Y@RD(n) respec t ive ly .  After 

the  a r r ays  XgRD and YgRD are generated,  t he  a r r ay  C@RNER i s  no 

longer  necessary and the  memory space may be  used f o r  s t o r i n g  

o the r  q u a n t i t i e s .  Thus, t h e  D.S.A. poin te r  f o r  CdRNER is  LA 

The va lues  x (or rn)  and y n 

n 

so t h a t  t h e  a r ray  CQRNER is assigned t o  the  same area of 

memory as t h e  a r r ay  A, which is  n o t  used u n t i l  later i n  the  

program. 
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N a m e  (continued) Desct ipt ion (continued) 

47) IA - Vector of dimension 6* MUMEL which is  used by subrout ine 

SETUP t o  t ranspose t h e  a r ray  NP. 
NP f o r  d e t a i l s . )  The D.S.A. po in t e r  f o r  I A  is LDISPL so t h a t  

t h e  I A  a r r ay  overlays the  DISPL a r ray  and is  subsequently 

overlayed by t h e  A a r ray .  

(See t h e  desc r ip t ion  of 

48) A - (2* NUMNP) * LBAND ar ray  i n  which the  system s t i f f n e s s  band 

m a t r i x  A is s tored .  Since the  band width IBAND of matrix A 

is  ca lcu la ted  by subrout ine SETUP a f t e r  a l l  of the input  

d a t a  has  been read and processed, the  memory required f o r  

s t o r i n g  A is  no t  requested u n t i l  a f t e r  SETUP r e t u r n s  con t ro l  

back t o  t h e  main program. Then the  D.S.A. po in te r  LA of t h e  

a r r ay  A i s  adjusted so t h a t  the  a r ray  A overlays a r r ays  such 

as DISPL and IBC6ND ( i f  BLANAL = 0) o r  CY(JT6F ( i f  BLANAL # 0 ) ,  

which are no longer needed. 

cates the  t o t a l  length of t he  D.S.A. is  adjusted t o  allow f o r  

t h e  A a r ray ,  and t h e  subroutine MRELSE is  ca l l ed  t o  ob ta in  

t h e  requi red  amount of memory f o r  t h e  D.S.A. 

The po in te r  NBUCKT which indi-  

49) TPR - Vector with dimension NL6AD i n  which TPR(i) s p e c i f i e s  t h e  

accumulated load applied t o  s i d e  S = L$ADS(i) of element 

L@ADE(i) e 

i 

TPR(i)  = n DPR(i) 

where n i s  t h e  cur ren t  load s t e p  index and where DPR(i) is  

as described below. 

50) DPR - Vector with dimension NL0AD i n  which DPR(i) s p e c i f i e s  t he  

increment of load t o  be applied to s i d e  S = LOADS(i) of 

element L@ADE(i) f o r  each load s t ep .  The vec tors  TPR and 

DPR are used i n  connection with t h e  vec to r  VPR and are thus 

defined and used only i f  NL6AD > 0 and i f  NDP and PRESS are 

not  spec i f i ed  i n  t h e  Namelist input .  

i 
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6.3 Labeled COMMON Blocks 

This s ec t ion  descr ibes  t h e  q u a n t i t i e s  which are defined i n  each 

labeled COMMON block. 

All of the  labeled COMMON blocks are defined i n  the  main program. 

I n  general ,  a COMMON block is  defined wi th in  a subrout ine i f  one o r  more 

quan t i t i e s  i n  t h a t  COMMON block are used i n  t h e  subrout ine.  

COMMON Block : CDIMEN 

(Computed Dimensional Quant i t ies )  

1 )  NCDIM - Number of q u a n t i t i e s  i n  the  CDIMEN COMMON block. 

2) LREC1 - Length of f i r s t  record of t h e  restart tape.  (33) 

3) NEQ - Number of degrees of freedom. (2* NuplBC = dimension of 

several vec tors :  DF, DR, DIS, F, and RESI.) 

4 )  NEQBC - Tota l  number of boundary condi t ions:  (NUMBC - < NEQBC - < 

2* NUMBC + NNDLIM.) 

5) IBAND - Band width of matr ix  A. 

6) LENA - Number of cells of memory required f o r  band matr ix  A. 

(NEQ * IBAND) 

7) NEL6 - 6* NUMEL = dimension of several ar rays :  NP, BETA and EWP. 

8 )  NEL64 - Dimension of several a r rays :  ETST, EPST and EEST; 

NEL64 = 6 * n * NUMEL 

WHERE 3 i f  RECCYL = 0, 

n = (  4 i f  RECCYL # 0. 

9) NPTSY - Number of po in t s  i n  "y-direction". (See desc r ip t ion  of 

Automatic Mesh Generation Procedure.) 

PTSY is ca lcu la ted  and used only if BLANAL # 0 an 

as t h e  value 2* NLAYER + 1. 

lo) NPTSX - Number of po in ts  i n  "x-direction." (Similar  t o  NPTSY except 

NPTSX = 2* NXINT + 1) 

11) NCYCF2- 2* NCYCF. 
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COMMON Block : CMESH 

(Computed Quant i t ies  Used i n  Automatic Mesh Generation) 

1) BLTHPaS - 

2 )  XINTN - 

3)  XYRAT - 

4 )  DPRAT - 

1) N ~ N T R Y  - 

2) BLANK - 

HEADER - 

1)  NDIMEN - 

Bladder thickness  t where 

NLAY ER 

t =  DEPTH (I) 

I = 1  

Same as NXINT = No. of i n t e r v a l s  i n  "x-direction" except 

XINTN is  a "real" (i.e. f l o a t i n g  poin t )  quant i ty .  

Ratio of t o t a l  length i n  "x-direction" t o  t o t a l  bladder  

thickness ,  i .e. 

XLNGTH = XYRAT * BLTHNS 

i f  XLNGTH i s  not  e x p l i c i t l y  entered i n  t h e  N a m e l i s t  input  

da ta .  (XYRAT is t h e  f l o a t i n g  poin t  equivalent  of LWRAT.) 
1 

Factor ca lcu la ted  i n  subrout ine MSHGEN and used i n  sub- 

rout ine  STEP2 t o  modify the  fo ld  rad ius  f o r  a s i n g l e  

fold ana lys i s .  

COMMON Block : FFLAGS 

(Fixed Flags) 

= 100000 t o  ind ica t e  "no entry" f o r  various Namelist input  

quan t i t i e s .  

Word of blanks f o r  c lear ing  and checking t h e  input  header. 

COMMON Block : HEADER 

Input header consis t ing of up t o  64 charac te rs  (including 

blanks) e 

COMMON Block : I D I M E N  

(Input Dimensional Quant i t ies)  

Number of q u a n t i t i e s  i n  the  IDIMEN COMMON block, 

(18) 
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COMMON Block : IDIMEN (continued) 

2) NUMEL - Number of elements. 

a) 

b) 

M u s t  be  input  i f  BLANAL = 0; 

W i l l  b e  set t o  2 * SLAYER * M I N T  i f  BLANAL # 0. 

3) NUMNP - Number of nodal points :  

a) 

b)  

Must be  input  i f  BLANAL = 0; 

W i l l  b e  se t  t o  NPTSX * NPTSY i f  BLANAL # 0. 

4) NUMCP - Number of corner  points :  

a) 

b) 

Must be input  i f  BLANAL = 0; 

W i l l  b e  set t o  (NLAYER + 1) * (NXINT + €) i f  BLANAL # 0. 

5) NUMBC - Number of boundary condi t ion e n t r i e s  i n  IBCgND a r r ay  and 

must be spec i f i ed  i n  N a m e l i s t  input  i f  BLANAL = 0. 

BLANAL # 0, then NUMBC w i l l  be  set t o  n * NPTSY where 

I f  

1 i f  RECCYL = 0 

(Single f o l d  option) , $ n =  
2 i f  RECCYL # 0 

(Double f o l d  option) e 

6) NLCdAD - Number of elements which are pressure  loaded: 

a) A non-zero value must be spec i f i ed  f o r  e i t h e r  NLqAD 

o r  N I D  (but no t  f o r  both) i f  BLANAL = 0. 

I f  NL@AD > 0, then NLgAD s p e c i f i e s  the number of 

e n t r i e s  i n  each of t h e  a r r ays  LQIADE and LQlADS (i.e. t h e  

number of elements which are pressure loaded). 

b) 

c) 

d) 

If RECCYL = 0, then NLQIAD must be  - > 0. 

If  RECCYL # 0,  then a negat ive value may be entered 

f o r  NL@AD. I f  NLOAD = -n (where n > 0) then 'n  is 

the  index of t he  node which is  used as a reference 

f o r  changing t h e  r ad ius  of curvature  of t h e  secondary 

fo ld .  

If BLANAL # 0, then e j  

0 i f  RECCYL = 0 (Single fo ld  case) 

-(NANGIN * NPTSY * 1) 

i f  RECCYL # 0 (Double f o l d  case).  
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COMMON Block : IDIMEN (continued) 

7) N I D  - Number of imposed displacement cons t r a in t s :  

a) 

b) 

See NL$AD above f o r  compat ib i l i ty  requirements. 

I f  BLANAL = 0 and 

i f  N I D  > 0, then N I D  s p e c i f i e s  t h e  number of imposed 

displacement s p e c i f i c a t i o n s  i n  t h e  a r ray  DISPL. 

c) If BLANAL f 0, then N I D  w i l l  be  set 

2 i f  RECCYL = 0 (Single  fo ld  case) ,  

0 i f  RECCYL # 0 (Double f o l d  case).  t equal  t o  

NMAT - Number of materials. 

(nominal va lue  is 1) 

NDP - Number of p a i r s  of e n t r i e s  i n  the  DELTAP array.  

(nominal va lue  is 0) 

I f  BLANAL # 0,  then NDP is set  t o  0. 

MAXBW - Maximum band width allowed for t h e  matrix A. 

(nominal v a l u e  is 50) 

MAXST - Number of load s teps .  

(nominal va lue  is 25) 

NNDLIM - Number of l i m i t i n g  nodal displacement entries i n  t h e  a r r ay  

DLIM. 

(nominal va lue  is 0) 

MAXBKT - M a x i m u m  allowable s i z e  of the  dynamic s to rage  a r ray  BUCKET. 

I f  t h e  program requests  a l a r g e r  amount of memory than 

permit ted by MAXBKT, then an e r r o r  message w i l l  be p r in t ed  

and the  run w i l l  be terminated. 

(nominal va lue  is 25000 (decimal) ) 

NLAYER - Number of element layers .  

(Must be  en tered  i f  BLANAL # 0) 

LWRAT - Ratio of t h e  t o t a l  length i n  t h e  x-d i rec t ion  t o  the  t o t a l  

bladder thickness  and/or t he  r a t i o  of t h e  number of i n t e r v a l s  

i n  the  x-direct ion t o  the number of element l aye r s .  

is s i g n i f i c a n t  only i f  BL 

LWRAT 

0 and i f  RECCYL = 0. 
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COMMON Block : IDIMEN (continued) 

15) LWRAT - (continued) 

(See XLNGTH and NXINT f o r  f u r t h e r  d e t a i l s )  

(nominal va lue  is 2) 

16) NANGIN - Number angular i n t e r v a l s  f o r  t he  double f o l d  opt ion 

( i . e .  BLANAL # 0 and RECCYL # 0). 

(nominal va lue  is 18) 

17) NXINT - Number of intervals i n  t h e  "x-direction": 

a )  

b) 

Required only i f  BLANAL # 0. 

I f  RECCYL = 0, then the  nominal va lue  of NXINT is 

LWRAT * NLAYER. 

I f  RECCYL # 0,  then NXINT w i l l  be set equal  t o  NANGIN. c)  

18) NCYCF - Maximum number of p a i r s  of e n t r i e s  ( i . e .  B and Ni) 

i n  the  CYCTQIF t a b l e  f o r  any material. 
i 

1 value is 0; 

COMMON Block : IFLAGS 

(Input Flags) 

1 )  NFLGS - Number of q u a n t i t i e s  i n  t h e  IFLAGS COMMON block. (10) 

2) RESTRT - Restart dmp  number: 

= n > 0 i f  t h e  cu r ren t  run is t o  be a restart 

from dump n of the  inpu t  restart tape; 

= 0 otherwise.  

(nominal value is zero) 

3) RECCYL - Coordinate system f l a g :  

= 0 i f  rec tangular  coordinates  are used ( i e e e  plane s t r a i n  

ana lys i s ) .  

f o l d  bladder  problem is being considered. 

I f ,  i n  add i t ion ,  BLANAL # 0 ,  then a s i n g l e  

# 0 i f  c y l i n d r i e a l  coordinates  are used (i.e. axisymmetric 

s t r a i n  ana lys i s ) .  

f o l d  bladder  problem is  being considered. 

{nominal value = 0 )  

I f ,  i n  addi t ion ,  BLANAL # 0, then a double 



COMMON Block : IDIMEN (continued) 

4) CQINVER - Convergence c r i t e r i o n  E: 

i=l ' < E  
131 

N I f  

~ F ~ ¶ i  i=1 +E i=l Fy,i  j 
t h e  so lu t ion  f o r  a given load s t e p  is considered t o  

have converged. N is t h e  number of nodes. (AFx)i 

and (AF ) .  are the  x- and y-components of t he  

incremental  load f o r  t h e  5 t h  node. F and F are 

the  x- and y-components of t he  accumulated load f o r  

the  i t h  node. (Nominal value is except f o r  t h e  

double f o l d  option f o r  which t h e  nominal value is  0.1) 

Y l  

x , i  Y s i  

5) IPRIN - P r i n t  i n t e rva l :  

The s t ra ins  ( e l a s t i c ,  p l a s t i c ,  and t o t a l ) ,  t he  stresses, 

t h e  p l a s t i c  work (incremental  and accumulated), and t h e  

coordinates  f o r  each nodal po in t  w i l l  be p r in t ed  out 

every IPRIN load s t eps .  

(nominal value is 1) 

6) ITER - Maximum number of i t e r a t i o n s  permit ted f o r  a s i n g l e  

load s t ep .  

ITER i t e r a t i o n s ,  then a warning message is p r in t ed  out ,  

t he  a v a i l a b l e  d a t a  is pr in ted ,  and t h e  run is  

terminated, 

(nominal value is 10) 

I f  t he  s o l u t i o n  does not  converge within 

7) IRESI - Residual loads opt ion f l ag :  

I f  IRESI > 0 ,  then a t  t h e  beginning of each load s t e p  

the  incremental  load vector  (DF) is  set equal  t o  the  

r e s i d u a l  load vec tor  (RESI) from the previous s t e p .  

I f  IRESI - < 0 ,  then at the  beginning of each load s t e p  

the incremental  load vec tor  (DF) is cleared t o  zero. 

(nominal value is 0) 
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COMMON Block : IDIMEN (continued) 

SAVETP - Restart Flag: 

# 0 i f  i t  is desired t o  save d a t a  pe r iod ica l ly  on a "save 

tape" f o r  a poss ib le  restart i n  a subsequent run; 

= 0 otherwise. 

(nominal value is 0) 

BLANAL - Bladder Analysis option f l a g :  

# 0 i f  t h e  Bladder Analysis opt ion is des i red ,  

= 0 otherwise. 

(nominal va lue  is 0) 

FLIFE - Fatigue L i f e  opt ion f lag :  

# 0 i f  t h e  f a t igue  l i f e  is t o  be ca lcu la ted  and p r in t ed  out ;  

= 0 otherwise.  

(nominal value is 0)  

COMMON Block : INDEX 

( Indices  and Computed Flags) 

IFIX - F i r s t  pass  f l a g  used by subroutines,BLADER, STEP2, and 

GE$M. 

= 0 on the  f i r s t  i t e r a t i o n  of each load s t ep ;  

# 0 on subsequent i t e r a t i o n s .  

NV - Element index - I n  p a r t i c u l a r  NV is set by subrout ine STEP2 

and passed t o  subrout ines  STFNS and GE$M. 

ISTEP - Load s t e p  index 

JSTEP - Index used with DELTAP a r r a y  by subrout ine STEP2. 

NSTEP - Load s t e p  l i m i t  used with DELTAP a r ray  by subrout ine STEP2. 

IMAT - Material code f o r  element NV; used by subroutines RESID, 

SETXC and STEP. 

LMAT - Material code for element NV-1; used by subrout ines  SETIC 

and STEP2. 
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COMMON Block : INDEX (continued) 

8 )  ERRFLG - Error  f l a g  used by subrout ines  DIMCHK, EERRXX, GINPUT and 

PRINT. 

= 1.0 u n t i l  an e r r o r  is  detected.  

= 0.0 i f  an e r r o r  has  been detected.  

9) 534 - Index which is used i n  subrout ines  GEgM, PRINT, RESID, 

SETIC and STFNS t o  pick up o r  s t o r e  T o r  T i n  t h e  

proper pos i t i on  i n  t h e  a r r ays  ESIG and DESIG. 534 is 

a l s o  used by subrout ine SETIC t o  s t o r e  y 

proper p o s i t i o n  i n  the  a r r ays  ETST, EPST, and EEST. 

F ina l ly ,  534 is a l s o  used i n  subrout ine STFNS t o  determine 

the  s i z e  of matrices which are used t o  c a l c u l a t e  t he  

s t i f f n e s s  matr ix  ST. 

XY r z  

i n  the  xy Or Yrz 

534 is set i n  subrout ine DIMCHK as follows: 

3 .  i f  RECCYL = 0,  

4 i f  RECCYL # 0. 
534 = 

10) 543  - Index used by subrout ines  SETIC and STFNS t o  pick up and 

i n  t h e  proper pos i t i on  i n  the  a r r ay  ESIG. s t o r e  (I 

543 is set i n  subrout ine DIMCHK as follows: 

o r  (I z 8 

4 i f  RECCYL = 0,  

3 i f  RECCYL # 0. 
534 = 

11) 545 - Index used by subrout ine SETIC t o  s t o r e  the  r o t a t i o n  

component of t he  incremental  t o t a l  nodal s t r a i n  i n  t h e  

proper pos i t i on  i n  the  a r r a y  DTST. 

DIMCHK as follows: 

545 = 

545 is set i n  subrout ine 

4 i f  RECCYL = 0,  

5 i f  RECCYL # 0. 
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COMMON Block : INDEX (continued) 

12) I63  - Index used by subrout ine STFNS t o  determine the  maximum 
I63  is  set i n  sub- value of I i n  the  a r r ay  C(1, J, K). 

rou t ine  DIMCHK as follows: 

6 i f  RECCYL = 0, 

3 i f  R E C C n  # 0. 
I63 = 

13) I69 - Index used by subrout ine STFNS t o  s t o r e  t h e  m a t r i x  W i n  

the  proper pos i t i on  wi th in  the  matrix RMM. 

subrout ine DIMCHK as follows : 

I69 is  set i n  

6 i f  RECCYL = 0,  

9 i f  RECCYL # 0. 
I69 = 

14)  I912 - Index used by subroutine STFNS t o  determine t h e  number of 

rows and columns of the  matr ix  AA and t h e  number of rows 

i n  the  matr ix  RMM. 

follows : 

I912 is set by subrout ine DIMCHK as 

9 i f  RECCYL = 0, 

12 i f  RECCYL # 0. 
I912 = 

15) LSTEPO - I n i t i a l  va lue  of load s t e p  index ISTEP. I f  RESTRT = 0 (i.e. 

an i n i t i a l  run) ,  then LSTEPO is set t o  1 i n  subrout ine 

GINPUT. I f  RESTRT # 0 (i.e. a restart run) ,  then LSTEPO 

is  read i n  from the  restart tape.  

16) NPRIN - Index used by subrout ine PRINT t o  determine when the  next 

p r in tou t  of t he  poin t  s t r a i n s ,  nodal coordinates ,  po in t  

stresses, and plast ic  work is  t o  be  made. When t h e  load 

s t e p  index ISTEP reaches NPRIN, then t h e  above q u a n t i t i e s  

are p r in t ed  out  and NPRIN i s  increased by IPRIN. 

NPRIN is i n i t i a l l y  set equal  t o  I P R I N  i n  subrout ine 

GINPUT. 

set equal  t o  LSTEPO + IPRIN, where LSTEPO i s  read from 

the  restart tape.  

I f  RESTRT # 0 ( i . e .  on a restart run) ,  NPRIN is 
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COMMON Block : INDEX (continued) 

NXTLS - Index used by subrout ine PRINT t o  determine when t h e  next 

dump of t h e  restart d a t a  is  t o  be made. 

s t e p  index ISTEP reaches NXTLS, the  load s t e p  dependent 

da t a  i s  wr i t t en  onto t h e  restart tape. NXTLS is i n i t i a l l y  

set equal  t o  LSTEPO - 1 i n  subrout ine BLADER and then is  

incremented by an appropriate  amount i n  subrout ine PRINT 

on t h e  f i r s t  load s t e p  and each t i m e  a dump of t he  restart 

da ta  is  made. 

When the  load 

18) INDMP - Index used by subrout ine PRINT t o  determine the  frequency 

of t h e  dumps of the  restart data .  

da ta  is wr i t t en  onto the  restart tape  every INDMP load 

s teps .  INDMP i s  i n i t i a l l y  set equal t o  5 i n  subrout ine 

GINPUT. I f  there  are nonzero e n t r i e s  i n  the  input  a r ray  

LSSAVE, then INDMP w i l l  be  set equal  t o  LSSAVE(2, I )  when 

the load s t e p  index ISTEP s a t i s f i e s  

The load s t e p  dependent 

LSTEPO - < ISTEP - < LSSAVE(1, I )  i f  I = 1, 

o r  LSSAVE(1, 1-1) - < ISTEP - < LSSAVE(1, I )  i f  I > 1. 

19) LSLIM - Index used by subrout ine PRINT t o  determine the frequency 

of t he  dumps of the  restart data.  LSLIM is the  cur ren t  

value of LSSAVE(1, I )  mentioned i n  the  descr ip t ion  of 

INDMP above. 

20) IDUMP - Dump number - used by subrout ine PRINT t o  i d e n t i f y  the  

dumps of t h e  restart data .  

21) ILSS - Index used by subrout ine PRINT t o  determine the  frequency 

of t h e  dumps of t he  restart data.  ILSS s p e c i f i e s  t h e  

cur ren t  value of the  index I which indexes t h e  a r ray  LSSAVE 

mentioned i n  the  descr ip t ion  of INDMP above. ILSS is  

i n i t i a l l y  set equal t o  1 i n  subrout ine GINPUT and is  

incremented when appropriate  i n  subrout ine PRINT. 
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COMMON Block : INDEX (continued) 

22) VPRFLG - Variable pressure  loading f l ag :  

VPRFLG # 0 i f  NLdAD > 0, and i f  PRESS and NDF are 

not spec i f i ed  i n  t h e  N a m e l i s t  input ;  

VPRFLG = 0 otherwise. 

COMMON Block : IflUNIT 

(Logical Unit N a m e s  f o r  Restart Tapes) 

1)  I R S I N  - Logical u n i t  f o r  input  restart tape (nominal value 

is 1). 

2) IRS~UT - Logical u n i t  f o r  output restart tape  (nominal va lue  i s  3 ) .  

COMMON Block : IPERM 

(Cyclic Permutation of In t ege r s  1 ,2 ,3)  

IPERM(1) = 2 

IPERM(2) = 3 
IPERM(3) = 1 

COMMON Block : LBUCKT 

(Dynamic Storage Array Poin ters )  

Poin ter  
N a m e  

1 )  LNP 

2) LL~ADE 

3) LL$ADS 

4) LNEBC 

5) LND 

6) LMATEL 

7) LBETA 

8 )  LVPR 

9) LETST 

IO) LEPST 

11) LEEST 

Array 
Name(s) 

NP 
L@ADE 

LdADS 

NEB C 

ND 

MATEL 

BETA 

W R  
ETST 

EPST 

EEST 
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COMMON Block : LBUCKT ( c o n t i n u e d )  

P o i n t e r  
NaIUe 

12) LESIG 

13) LEWP 

14) LXflRD 

15) LYORD 

16) LDWP 

17)  LWP 

18) LC@UNT 

19) LDF 

20) LDR 

21) LDIS 

22) LF 

23) LRESI 

24) LTST 

25) LPST 

26) LEST 

27) LDTST 

28) LSIG 

29) LDSD 

30) LDLIM 

31) LDLFLG 

32) LVEM 

33) LVXU 

35) LVXI 

36) LVYP 

37) LDELTP 

38) LTHETA 

39) LDISPL 

40) LBCflND 

41) LCYCM 

42) LCYCZ 

43) LMLAYR 

34) LVTH 

Array 
Name(s) 

ES I G  

EWP 

XQIRD 

Y@RD 

DWP 

WP 
CQIUNT 

DF 

DR 

DIS 

F 

RES1 

TST 

PST 

EST 

DTST 

SIG 

DSD 

DLIM 

DLFLAG 

VEM 

VXU 

VTH 

VXI 

W P  

DELTAP 

THETA 

DISPL, I A  

IBCQIND 

CYCM 

CY cz 
MLAYER 
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COElMON Block : LBUCKT (continued) 

1) NMESH - 

2) S T A R T  - 

3) YSTART - 

4 )  XLNGTH - 

5) RPl@LD- 

Poin ter  
Name  

4 4 )  LDEPTH 

45)  LCYCF 

4 6 )  LA 

47) LTPR 

48)  LDPR 

49) NBUCKT 

Array 
N a m e  ( s )  

DEPTH 

C Y C T ~ F  

A, CgRNER 

TPR 

DPR 

End of Dynamic Storage 

Array e 

COMMON Block : LSSAVE 

LSSAVE is a 2* 10 matr ix  which i s  used t o  con t ro l  t he  frequency 

a t  which dumps of the  restart d a t a  are made. 

desc r ip t ion  is  given i n  Sect ion 2.3.2 of t h i s  document. 

A d e t a i l e d  

COMMON Block : MESHIN 

(Automatic Mesh Generation Input  Data) 

Number of q u a n t i t i e s  i n  the  MESHIN CGMMON block. 

(9 1 

x 

(s ingle  f o l d  option only).  

(nominal value is 0) 

yo = y-coordinate of bottom edge of t h e  rectangular  area 

( s ing le  fo ld  opt ion only). 

(nominal va lue  is 0) 

R = t o t a l  length of plane area i n  t h e  x-direct ion ( s ingle  

fo ld  option only). 

(nominal va lue  is LWRAT * BLTHNS. See footnote  a t  end 

of sect ion.)  

R = i n i t i a l  rad ius  of primary fo ld :  i nne r  f o l d  rad ius  f o r  

double fo ld ;  rad ius  t o  median l i n e  f o r  s i n g l e  fo ld .  

(nominal value is  WTRAT * BLTHNS. See footnote  a t  end 

of sect ion.)  

= x-coordinate of l e f t  edge of t h e  rec tangular  area 
0 

P 
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COMMON Block : MESHIN (continued) 

6) RSFQILD - Rs = r ad ius  of secondary f o l d  (double fo ld  option only).  

(nominal value is RSTRAT * BLTHNS. See footnote  a t  end 

of s ec t ion . )  

Also used f o r  current  value of f o l d  radius  ( t o  median l i n e )  

f o r  s i n g l e  fold.  

R 

t 
R t o  t o t a l  bladder thickness  t. 

nominal value is 1000 f o r  t h e  s i n g l e  fo ld  option and 

10 f o r  t h e  double fo ld  option. 

7) RPTRAT - i= r a t i o  of primary f o l d  r ad ius  

P 

8) RSTRAT - - Rs = r a t i o  of secondary fo ld .  
t 
Rs t o  t o t a l  bladder thickness  t (double fo ld  opt ion only).  

nominal value is 100. See footnote  a t  end of sec t ion .  

9)  RFINAL - Fina l  i n n e r  fo ld ing  r ad ius  Rf (double fo ld  option only).  

No nominal value. 

and RECCYL # 0. 

RFINAL must be spec i f i ed  i f  BLANAL # 0 

FOOTNOTE : The t o t a l  bladder  thickness  t is  s t o r e d  i n  BLTHNS and 

is  computed according t o  t h e  r e l a t i o n  

NLAYER 

t =  DEPTH (i) 

i= 1 

COMMON Block : PR$PS 

(Material P rope r t i e s  and Miscellaneous Float ing Point Quant i t ies)  

PRESS : Tota l  pressure loading (input quan t i ty ) .  

See desc r ip t ion  of PRESS under i t e m  (36) i n  sec t ion  2 . 3  

of t h i s  r epor t .  

DPRESS: Incremental pressure loading: I f  BLANAL = 0, then 

DPRESS may be calculated from PRESS, from t h e  DELTAP 

a r ray ,  o r  from t h e  WR ar ray .  

(double f o l d ) ,  then DPRESS is  computed by 

I f  B M A L  # 0 and RECCYL # 0 
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COMMON Block ; PR$PS 

DPRESS: (continued) 

DPRESS = 
MAXST 

I f  BWWAL # 0 and RECCYL = 0 (s ingle  fo ld)  

DPRESS is set equal t o  zero. 

then 

EM - Elastic modulus f o r  element NV. 

xu - Poisson's r a t i o  f o r  element W .  

TH - I n i t i a l  thickness  of element NV. 

XI - P l a s t i c / e l a s t i c  modulus r a t i o  f o r  element NV. 

YP - I n i t i a l  y i e l d  point  f o r  element NV. 

AREA - Area of element NV. 

TPRESS - Accumulated pressure loading 

RMAXS - Maximum number of load s t e p s  ( i . e .  MAXST) i n  f l o a t i n g  

poin t  format. 

COMMON Block : RSDATA 

( F i r s t  Record of Restart Tape) 

The COMMON block RSDATA cons i s t s  of one a r r ay ,  RSDATA. 

A t  t he  t i m e  of t h i s  wr i t ing ,  t h e  dimension of t he  a r ray  

RSDATA is 35 (on t h e  CDC 6500 computer). The s igni f icance  

of RSDATA(1) is  spec i f i ed  below, In general ,  RSDATA(1) is 

a f ixed poin t  i n t ege r  quant i ty  and i s  sometimes referenced 

by t h e  in t ege r  name IRSDAT(1). I n  subrout ine RRST23, t h e  

quant i ty  RSDATA(1) may be assigned another equivalent  

name f o r  convenience. 

I f  RESTRT 0 i n  the  N a m e l i s t  input ,  then the  f i r s t  

record of t h e  restart t ape  is read i n t o  the  a r ray  RSDATA. 
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COMMON Block : RSDATA (continued) 

I 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 
11 

12 

13 

14 
15 

16  

1 7  

18 

19 

20 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

- 

RRST23 
Equivalent 
Name Description 

INDLIM 

INUMEL NUMEL 

INUMNP NTJMNP 

NUMCP 

NUMBC 

INMAD NL@AD 

INID NID 

INMAT NMAT 

INDP NDP 

MAXBW 

MAXST 
NNDLIM 

MAXBKT 

NLAYER 

LWRAT 

NANGIN 

NXINT 

NCY CF 

RECCYL 

C@NVER 

IPRIN 

ITER 

IRES1 

SAVETP 

BLANAL 

FLIFE 

PRESS 

HEADER (1) 
HEADER(2) 

HEADER (3 ) 
HEADER(4) 
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COMMON Block : RSDATA (continued) 

RRST2 3 
Equivalent 

Description I Name - 
31 
32 
33 
34 
35 

HEADER(5) 
HEADER( 6 )  

HEADER(7) 
Not Used 
Not Used 

COMMON Block : ST 
(Stiffness Matrix) 

The COMMON block ST contains the 12x12 elemental stiffness 
matrix ST and the incremental element force vector CF (with 
dimension 12 corresponding to the 12 degrees of freedom for 
each element) e 

COMMON Block : TEMP 
(Intermediate Stiffness Matrix) 

The COMMON block TEMP contains a 11x12 matrix which is a 
intermediate result in the calculation of the conventional 
elemental stiffness matrix (where n = 9 if RECCYL = 0 
or n = 12 if RECCYL # 0). 

\ 

COMMON Block : W 
(U, V Matrices) 

The COMMON block W contains a 3x6~2 array W in which 
W(1, J, 1) specifies U and W(1, J, 2) specifies Vij. 

ij 

6 -39 



xl 

x2 

x3 

Y 1  

Y2 

Y3 

COMMON Block : XYC@@R 

(x,y or  r , z  Coordinates) 

RECCYL = 0 RECCYL # 0 

X1 rl 

2 r x2 

x3 

Y 1  

3 

1 

r 

Z 

2 z 

3 z 
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6.5 Summary L i s t  of Subroutines 

This s ec t ion  presents  a complete l i s t  of a l l  subroutines which 

make up t h e  BLADER program with the  exception of s tandard Fortran I V  

l i b r a r y  subrout ines  e A b r i e f  descr ip t ion  of each subrout ine i s  included. 

1) BLADER - The main program - def ines  a l l  labeled COMMON blocks and 

serves as the  b a s i c  l o g i c  con t ro l  rou t ine .  

2) BLgC - I n i t i a l i z e s  the  poin te rs  f o r  t h e  Dynamic Storage Array. 

3) DIMCHK - I n i t i a l i z e s  seve ra l  index q u a n t i t i e s  and checks t h e  problem 

dimension input  q u a n t i t i e s  f o r  obvious e r ro r s .  

4 )  DISCHK - Checks f o r  nodes which have reached t h e i r  l i m i t i n g  

displacements. 

5) EERRXX - Error  procedure rout ine.  Calls PDUMP t o  dump out var ious 

q u a n t i t i e s  and calls PRINT t o  p r i n t  t h e  terminal  output. 

6) FMCALC - Calculates  t h e  t o t a l  fo rce  and the  t o t a l  moments f o r  

axisymmetric problems. 

7)  GE@M - Calculates  t h e  incremental  elemental  fo rce  vec tor  f o r  

each element. 

8 )  GINPUT - Read t h e  general  input  d a t a  (i.e. problem dimensions, cont ro l  

f l a g s ,  e t c . )  from the  N a m e l i s t  input  cards ,  On opt ion the  

f i r s t  record of t he  r e s t a r t  tape w i l l  a l s o  be read and/or 

wr i t ten .  

9) MSHGEN - Mesh generat ion rout ine  - generates t h e  element mesh, node 

coordinates ,  boundary condi t ions,  loading spec i f i ca t ions ,  

etc. f o r  a bladder  ana lys i s  problem. 

10) PRINT - Main p r in tou t  rou t ine  - p r i n t s  out  t h e  displacements,  

accumulated loads, and r e s i d u a l  loads.  A t  spec i f i ed  load 

s t e p  i n t e r v a l s  t h e  nodal coordinates;  nodal elastic, 

p l a s t i c  and t o t a l  s t r a i n s ;  nodal stresses; and p l a s t i c  

work are pr in ted  out ,  Q1 option the estimated f a t i g u e  

l i f e  is  calculated and p r in t ed  ,out. Also on opt ion,  t he  

load s t e p  dependent q u a n t i t i e s  are w r i t t e n  on t h e  restart 

tape. 
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6.5 Summary L i s t  of Subroutines (continued) 

11) RESID 

12) RRST23 

13) SETIC 

14) SETUP 

15) STEP2 

16) STFNS 

17) WRST2 

Determines the  t o t a l  e r r o r  i n  nodal  p r i n t  equi l ibr ium 

by ca l cu la t ing  the  r e s i d u a l  nodal po in t  forces  e 

Reads t h e  second category of restart d a t a  ( input  a r r ays )  

and t h e  t h i r d  category (load s t e p  dependent q u a n t i t i e s ) .  

Calculates  t h e  incremental  and accumulates stresses 

and s t r a i n s .  

Reads t h e  input  a r r ay  d a t a  and i n i t i a l i z e s  var ious  

quan t i t i e s .  

Assembles t h e  incremental  system s t i f f n e s s  matrix and 

solves  for t h e  incremental  displacements. 

Calculates  t h e  instantaneous s t i f f n e s s  matr ix  ST f o r  

each element. 

Writes t h e  second category of restart d a t a  (input a r rays)  

on the  output  restart tape.  

6.6 R e s t a r t  Feature 

The usage of t he  restart procedure is descr ibed i n  sec t ion  2.5 

I n  t h e  cu r ren t  s ec t ion ,  t h e  programming aspects  of the  of t h i s  r epor t .  

restart f e a t u r e  are described. I n  p a r t i c u l a r ,  t he  format of t he  restart 

t a p e  is described. 

The two input  parameters SAVETP and RESTRT con t ro l  t h e  restart 

An output restart tape  w i l l  be  generated only i f  SAVETP # 0. log ic .  

input restart tape  w i l l  be read only i f  RESTRT # 0. 

f o r  RESTRT determines which restart dump (i.e. which load s t ep )  w i l l  be  

used t o  restart the  problem. 

An 

The va lue  spec i f i ed  

Other input  parameters such as NL@AD, NDP, BLANAL, etc. determine 

the  format of the  restart t ape  as described below. The d a t a  on t h e  restart 

t a p e  may be  divided i n t o  th ree  general  ca tegor ies :  

1 )  

2) 
3) Load s t e p  dependent q u a n t i t i e s  

Problem dimensions and o ther  general  input  q u a n t i t i e s  e 

Computed constants  and input  a r rays .  
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6.6 Restart Feature (continued) 

The formats of t he  d i f f e r e n t  ca tegor ies  are descr ibed below i n  sec t ions  

6.6.1, 6.6.2 and 6 . 6 . 3 .  

6.6.1 Problem Dimensions and Other General Input  Q u a n t i t i e s  

The f i r s t  category of restart d a t a  occupies t h e  f i r s t  record of 

the  restart tape  and is  both w r i t t e n  and read i n  subrout ine GINPUT. The 

format i s  as follows: 

Restart Tape ( F i r s t  Record) 

1) NUMEL 

2) NUMNP 

3) NUMCP 

4 )  NUMBC 

5 )  NLQIAD 

7) NMAT 
8 )  NDP 

9) MAXBW 

6) N I D  

10) MAXST 

11) NNDLIM 

12)  MAXBKT 

13) NLAYER 

14) LWRAT 

15) NANGIN 

16) NXINT 

17) NCYCF 

18) RECCYL 

19) C@NVER 

20) IPRIN 

21) ITER 

22) IRES1 

23) SAVETP 

24)  BLANAL 

25) FLIFE 
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Restart Tape ( F i r s t  Record) (continued) 

PRESS 

HEADER( 1 )  

HEADER( 2) 

HEADER(3) 

HEADER( 4) 

HEADER( 5) 

HEADER( 6) 

HEADER( 7) 

6.6.2 Computed Constants and Input Arrays 

The second category of restart da t a  occupies several records.  The 

number of records occupied depends on t h e  values  of t he  input parameters 

NLflAD, NNDLIM, NDP, NMAT, N I D ,  BLANAL and FLIFE. 

parameter on the  second record is VPRFLG which is  nonzero i f  NLgAD > 0 

and i f  n e i t h e r  NDP nor PRESS is spec i f ied .  Otherwise, VPRFLG is zero. 

The value of VPRFLG determines whether o r  not  the a r ray  WR i s  w r i t t e n  on 

the  restart tape .  

I n  addi t ion,  t h e  second 

The second category of restart d a t a  i s  w r i t t e n  i n  subrout ine WRST2 

and is read i n  subrout ine RRST23. 

The format of t h e  second category of t h e  restart d a t a  i s  as follows: 

Restart Tape (Second Record) 

NEQ (Input i n t o  INEQ) 

VPRFLG 

DPRAT 

XLNGTH 

BLTHNS 

NPTSY - 2* NLAYER + 1 

LSSAVE (1,  1 )  

LSSAVE (2, 1 )  

LSSAVE (1,  2) 
11 

s o  

LSSAVE (2, 10) 
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6.6.2 Computed Constants and Input Arrays (continued) 

Restart Tape (Third and Subsequent Records) 

[(NP(I, J); I = 1, 2, ..., MUMEL); J = 1, e . . g  61 

[aADE('); I = '9 NL@AD] If NL(6AD > 0 
[L@ADS(I); I = 1, NLgAD] 

IVPR(1); I = 1, NL@AD] I f  VPRFLG > 0 

[DLIM(I, 1 )  ; 1 = 1, * NNDLIM] I f  NNDLIM > 0 

[VEM(I); I = 1, NMAT] 

[VXU(I); I = 1, NMAT] 

[VTH(I); I = 1, NMAT] 

[VXI(I); I = 1, NMAT] 

[VYP(I); I = 1, NMAT] 

[DELTAP(I, 1 ) ;  I = 1, 2* NDP] I f  NDP > 0 

[MATEL(I); I = 1, NUMEL] I f N M A T > l  

CND(I); 1 = 1, N I D I  If N I D  , 0 
[DSD(I); I = 1, N I D I  

[DEPTH(I); I = 1, NLAYER] I f  BLANAL # 0 

[MLAYER(I); I = 1, NLAYER] 

[CYCM(I); I = 1, NMAT] I f  FLIFE # 0 

[CYCZ(I); I = 1, NMAT] 

6.6.3 Load Step Dependent Quan t i t i e s  

The t h i r d  category of restart d a t a  a l s o  occupies a va r i ab le  number 

of records,  depending on the  value of input  parameters and is wr i t t en  i n  

subrout ine PRINT and is  read i n  subrout ine RRST23. The format is  as 

follows : 

Restart Tape ( F i r s t  Record of Each Restart Dump) 

1) IDUMP - Dump number 

2) ISTEP - Load s t e p  number 

3) TPRESS - Accumulated loading 

4 )  NPRIN - Detailed p r i n t  index 

5) NEQBC - Number of boundary cons t r a in t s  

6) DPRESS - Incremental loading 

7) RSF@LD - Current fo ld  rad ius  ( s ing le  fo ld  bladder ana lys i s )  
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6.6.3 Load Step Dependent Quant i t ies  (continued) 

Restart Tape (Second and Possibly Third and Fourth 
Records of Each R e s t a r t  Dump) 

BETA 

ETST 

EPST 

EEST 

ESIG 

EWP 

XQlRD 

DIS 

F 

RES I 

NEBC 

DLFLAG ( i f  NNDLIM > 0) - Third record 

TPR ( i f  WRFLG # 0) - Third o r  four th  record 

6.6.4 I n t e r n a l  and Externa l  F i l e  Names 

The i n t e r n a l  symbolic f i l e  names f o r  t he  input  and output  restart 

tapes are IRSIN and IRS@UT respec t ive ly .  The corresponding ex te rna l  f i l e  

names can b e  determined by means of a r i thmet ic  replacement s ta tements  o r  

DATA s ta tements  i n  t h e  main program BLADER. For example, on the  CDC 6500 

vers ion  of BLADER, t h e  s ta tements  

IRSIN = 1 
IRSQ~UT = 3 

spec i fy  t h a t  t he  ex te rna l  f i l e  names corresponding t o  IRSIN and IRSgUT 

are TAPEl and TAPE3 respec t ive ly .  

ex te rna l  f i l e  names (e.g. TAPEl and TAPE3) must a l s o  appear as parameters 

on t h e  program statement i n  the  main program. For example, t h e  statement 

PROGRAM BLADER (INPUT, CdUTPUT, TAPE5 = INPUT, TAPE6 = @UTPUT, TAPE1, TAPE3) 

p e r m i t s  Fortran l o g i c a l  u n i t s  1 and 3 t o  be used f o r  t h e  input  and output  

restart tapes .  

On t h e  CDC 6500 vers ion ,  t he  des i red  
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6 , 6 . 4  I n t e r n a l  and External  F i l e  N a m e s  (continued) 

When executing the  BLADER program on o ther  computing systems such 

as the  UNIVAC 1108, t h e  values  assigned t o  IRSIN and IRSBlUT may have t o  

be modified t o  values  which correspond t o  u t i l i t y  magnetic tapes.  

example, i n  a c e r t a i n  UNIVAC 1108 computing system Fortran l o g i c a l  u n i t s  

1 and 3 correspond t o  I/@ devices o the r  than magnetic tape u n i t s ,  b u t  

l o g i c a l  u n i t s  12 and 1 4  are two permissible  magnetic tape u n i t s .  

we  could set I R S I N  = 12 and IRSgUT = 14 when executing BLADER on t h a t  

computing system. 

For 

Thus, 

The parameters IRSIN and IRSgUT have been def ined as permissible  

input  q u a n t i t i e s  i n  the  General Input  Data allowing t h e  f i l e  assignments 

t o  be changed during execution. Thus, f o r  example, an output restart tape 

may be generated on u n i t  3 during the  first of two stacked cases and 

then read i n  as an input  restart tape dur ing  the  second case provided 

t h a t  w e  set I R S I N  = 3 i n  t h e  General Input  Data f o r  t h e  second case. 

would be advisable  t o  a l so  set IRSgUT = 1 when w e  set IRSIN t o  avoid 

doing something foo l i sh  l i k e  wr i t i ng  on top of our  i npu t  tape  during t h e  

second case. 

It 

A u s e r  could get  by with only one tape  u n i t  provided he does not 

wish t o  have d i s t i n c t  input  and output restart t apes  on the  s a m e  run. 
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7.0 SOURCE LISTINGS 

This section contains l i s t ings  of the main program and a l l  sub- 

routines of the BLADER program except for library subroutines s 
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